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This RAND Memorandum is a product of the study of the economic 
implications of communications sa te l l i t es  conducted by The RAND Cor- 
poration for the National Aeronautics and Space Administration under 
contract NO. ~ r - 2 1 4 0 1 ) .  
t h i s  contract are: 
CaSles: 

- ment, The RAND Corporation, RI4-3877-NASA, September 1963; R. L. 
Slighton, Overseas Telecommunications Traffic and Commodity !kade, 
The RUD Corporation, WA-3817-1?ASA, September 1963; and Jora R. Minasian, 
Telephone Rates, Queues, Costs: Sone Economic Implications for  
Analyzing Fluctuating Demands, The MND Corporation, Rf3-3829-NASA, 
September 1963. 

Other recent RAND ~emorana prepared under 
R. T. Nichols, High-Capacity Submarine Telephone 

Implications for Communication Sa te l l i t e  Research and Develop- 

This Memorandum investigates the question of the s ize  and con- 
figuration of the market for overseas telecoxmunications services i n  
the year 1970. 
use t o  off ic ia ls  of the Xational Aeronautics and Space Administration 
and other government agencies responsible for ccmmunications satel- 
l i t e  research and development policy. 

It is designed t o  yovide background information of 

Knowledge of the size of the market for telecommunications ser- 

vices over the next ten years is of  importance t o  any major decision 
with respect t o  system design or pace of development i n  the f i e ld  of 
communications satellites. 
as i-ts intractabi l l ty)  suggests t h a t  the basis upon which such esti- 
mates are established should be stated clearly. The most publicized 

forecast of future overseas telecommunications capacity requirements 
has been that made by the Ad Hoc Committee of Common Carriers, which 

reported t o  the Federal Cmunications Commission i n  1961. 
ra t ionale  of t he i r  forecast was not given. 
suggested that these estimates were somewhat misleading, thus a 
research project that was originally confined t o  the prospects for  
the development of the market for  new uses of overseas telecanrmmica- 
t ions f ac i l i t i e s  was expanded into a study of the market as a whole. 

The importance of this problem (as well 

I -  

The 
Preliminary investigation 
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According t o  the analysis presented here, it is estimated that 

the demand for  telecommunications between the United States and 
overseas Foints i n  1970 will create a capacity requirement of 170- 
2250 voice trunks for telephone service and 300-400 voice channels 
f o r  leased l ine  and record services. The latter estimate includes 
government requirements for  broadband circuits.  The demand for tele- 
conmunications on overseas routes not involving the U n i t e d  States will 
create an additional requirement of 500-650 voice tnuiks for  telephone 
service and 100-150 voice channels for record services. A l l  estimates 
axe based on the following assumptions: 
(very short waiting t ines  and signal W U t y  comparable t o  service over 

domestic circuits);  virtually all overseas routes that are  now pro- 
vided with direct  telegraph circuits w i l l  be provided with direct 

telephone circui ts  i n  1970; the relative price of telecomnunications 
services w i l l  continue t o  decline a t  the rate of 1-2 per cent per year. 

W t y  of service is excellent 

The estimate given above of t o t a l  capacity requirement for routes 
involving the United States is 55-70 per cent of the estimate of the 

1961 -- Ad Hoc Carrier Comaittee. Given the rates of increase forecast 
i n  t h i s  Memorandum, the committee's forecast of t o t a l  requirements is 

a2propriate for 1972 or 1973 rather than 1970. However, comparison 
of total reqqirements does not reveal the main difference between the  
two forecasts. The differences between the estimates of the rewire-  
ments for  the bulk routes t o  Europe, H a w a i i ,  and Puerto Rico are much 
smaller than the differences fo r  the routes t o  South America, Af'rica, 
and A s i a .  

randum are 25-40 p r  cent of the committee's estimate. 

For the latter routes, the estimates given i n  t h i s  14mo- 

Most o f t h e  capacity requirement on overseas routes i n  1970 v i l l  

derive &om the demand for  telephone service. 
electronic hta-processing ecpipment w i l l  lead t o  a substantial growth 

i n  the demand for high-speed data transmission, but these requirements 
w i l l  be m e t  largely through the  use of c i rcu i t s  of bandwidth no greater 
than one voice channel. Almost all the demand for  transmission of 
information at  ra tes  that cannot be achieved over one voice channel 

Increasing use of 
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w i l l  come from the government. 
bandwidth on overseas routes i n  1970, the effective demand for over- 
seas transmission of television w i l l  probably be limited t o  transmis- 
sion during off-peak hours over those routes where the peak demand 

for telephone service creates a bandwidth requirement that is  approxi- 
mately as large as the requirement for real-time transmission of 
television. 
bandwidth t o  provide for facsimile transmission of overseas m a i l  or 
overseas transmission of television on a closed-circuit basis for  
purposes other than entertainment. 

Given the l ikely costs of providing 

Cost considerations are l ikely t o  rule aut a demand for  

A substantial portion of 1970 capacity requirements for  overseas 
telecommunications w i l l  be supplied by submarine cable systems. 
compazison of the demand and supply of telecommunications capacity 
it is convenient t o  distinguish between routes where submarine tele- 
phone cables are now or soon w i l l  be i n  service and routes t h a t  w i l l  
not be served by cable. If cable construction is  limited t o  those 
systems scheduled for completion by 1965, the capacity reqyired on 
noncable routes i n  1970 w i l l  be about half the new capacity required 
t o  accommodate the 1970 demand on cable routes. 
over the bulk routes t o  Europe, H a w a i i ,  and Puerto Rico is 
t o  that set of cables scheduled for completion through 1965, the new 
capacity required by 1970 w i l l  be virtually limited t o  the noncable 
routes. The number of circuits required over any one of these non- 
cable routes is not Large. Therefore, a communication s a t e l l i t e  
system designed t o  meet the needs of 1970 i s  likely t o  need substan- 
t i a l  multiple access capabilities. It is  important that analyses of 
tradeoff between costs of orb i ta l  systems and ground stations reflect 

For 

If cable construction 
limited 

th i s  possibility. ;- 
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I. INTRODUCTION AND GEXEEML CONCLUSIOIW 

The efficiency of space communications systems relat ive t o  each 
other and t o  conventional means of long-distance cooaaunication is a 
function of the volume of telecamnunicatians that they are likely t o  
have t o  accommodate. Revenue and cost estixstes are both dependent 
upon knowleae of the size of themarket, yet there has been little 
detailed analysis of the probable size and configuration of the Rrture 
market for oversea8 telecoarnmxnications, particularly w i t h  respect t o  
those broadband services that may be available only when sa t e l l i t e  
systems are in operation. 
market has been considered i n  analyses of canamtnications sa t e l l i t e  
systems, the e s t a t e s  of the -- Ad Hoc Carrier Camittee have tended 
t o  dominate diecussion. Despite the sdvantages that the carriers can 
be preswned t o  have w i t h  respect t o  market forecasting, this set of 
estimates seems very questionable. I n  8ny event, it is desirable 
tha t  the assumptions imbedded i n  these estimstes be brought t o  light 

and the implications of a l te rna t ive  assumptions be explored. 

* 
To the extent t h a t  the future size of the 

The general conclusions of this Memorandum m e  stated in  this 

section. Section I1 is a methodological discussion of some of the 
problems that a r e  encountered i n  attempting t o  forecast the future 
demand for Overseas teleccmnmications. 
why a "naive" method of forecasting w88 adopted in t h i s  study -- 
extrapolation of the variable t o  be predicted according t o  rates 
obtained from analysis of past changes i n  that variable -- instead 
of an e-l icit  model of behavior tha t  explains the dependent variable 
i n  terms of causal relationships of known quantitative significance. 
Section I11 is a discussion of the changes i n  the masket for  overseas 
teleconnnunications during the period 1950-1962. 
of these yews is examined i n  order t o  estimate the effect  of changes 

i n  cpaU,ty of service on demand and t o  establish trends i n  the ra te  

An attempt is made t o  explain 

The traffic experience 

* 
For reference t o  previous discussions of the Future s i ze  of the 

market for overseas telecommunications, see Appendix A. 
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of increase of demand. 

of the demand for conventional telecommunication services i n  190 are 
presented i n  Section IV. 
problem of  estimating the demand for  broadband channels. 

i s  restricted t o  three of the most commonly mentioned markets for  
broadband services: 
channels for  alternate voice and data transmission; facsimile trans- 
mission of overseas m a i l ;  and television transmission. 

The assumptions made t o  arrive at  the forecast 

Section V is  a discussion of the special 

The analysis 

government and cammercial demand for broadband 

There are three major conclusions reached i n  t h i s  Memorandum. 
First ,  the aggregate demand for  telecommunications between the con- 
t inental  United S'tates and overseas points i n  1970 is l ikely t o  require 
1700-2250 voice trunks for  provision of telephone service and 300-400 

voice channels for leased l ine and record services. The latter figures 

include an estimate of government demand for  broadband channels. 
demand for overseas telecommunications over routes not involving the 
United States i s  l ikely t o  impose an additional requirement of 500-650 
voice trunks for telephone service and 100-150 voice channels for 
record services. 
communications services i n  1970 w i l l  derive from the demand for message 
telephone service. 
v i t h  more information capacity than one voice-grade channel, there 
w i l l  be only negligible demand from the private sector of the econoq 
for  broadband channels between the United States and overseas points. 
The effective demand for overseas television transmission i n  19'70 w i l l  

probably be limited t o  spot-leasing of a television channel during 
off-peak hours over routes where the bandwidth required for telephone 
service during peak hours approaches the bandwidth requirement for 
real-time transmission ob television. Third, a t  least  30-35 per cent 
of the sum of  the differences between capacity requirements and the 
available capacity of s u b m i n e  telephone cables over a l l  routes i s  

accounted for by the rewrements of routes that  have re la t ivew modest 
capacity requirements on an individual route basis. If cable construc- 
t ion continues af ter  1965, t h i s  percentage w i l l  be higher. 
the difference between the forecast of total capacity requirements and 

The 

Second, the great bulk of the requirements for te le-  

If a "broadband channel" is defined as a circui t  

Most of 
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. the capacity of the submarine cable network at  t h a t  date would derive 
from the requirements of those routes that are not served by submarine 
cable f ac i l i t i e s  i f  high capacity submarine cables were constructed 
between the United States and Europe and between California and H a w a i i  
before 19'70. 

The distribution by route of the estimated capacity requirements 
for  various telecommunications services is given i n  Table 1. 
transatlantic route w i l l  continue t o  be the mst important individual 
route. If the t r a f f i c  estimates for telephone service between Europe 

and a l l  points i n  North America are considered as a total ,  approxi- 
mately 50 per cent of a l l  overseas telephone t r a f f i c  is expected t o  
occur over the transatlantic route. About 40-45 per cent of the 

aggregate capacity requirements for leased l ine  and record services 
are accounted for by transatlantic demand. 

The 

The estimate of the t o t a l  overseas telecommunications requirement 
for the U n i t e d  States given i n  Table 1 is considerably less than the 
estimate given by the Ad Hoc Carrier C a m n i t t e e .  

graphical coverage the camrmittee forecast a requirement of same 3800 
voice channels for  all overseas telecommunications services other than 
television transmission. 
trunk rewrements for  telephone service and channel requirements for  
other services, so the corresponding t o t a l  as estimated i n  th i s  Memo- 
randum is about 2OOO-2'j'OO circuits,  o r  about 55-70 per cent of the 

conanittee's estimate. Taken as an aggregate, the difference between 
the estimates amounts t o  about two o r  three years of t r a f f i c  growth. 

That is, an estimate of the capacity requirement for 1972 or 19-n 
based on the assumptions adopted in  this Memorandum would be about 
the s8me as the estimated requirement for  1970 as given by the COBD- 

mittee. 
between the two sets of estimates. 
t h i s  Memorandum are much closer t o  the estimates of the committee than 
are the estimates of capacity requirements fo r  routes with relatively 

For the same geo- -- 

* 
This t o t a l  w a s  apparently derived by summing 

However, this does not give a t rue picture of the differences 
The bulk route estimates given i n  

* 
For a geographical breakdown of the estimates of the Ad H o c  

Carrier Camittee, see Appendix B. 
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modest retgirements. 
t r a f f i c  between the United States and Asia plus Af'rica given i n  Table 
1 is approximately 30-50 per cent of the relevant estimate of the Ad 
- Hoc Carrier C a m m i t t e e .  The coresponding figure for  t r a f f i c  t o  Istin 
America is about 30-40 per cent. A t  the rates of growth predicted in 

The estimate of the capacity requirement for  

- 

this Memorandum, these differences amount t o  about ten years' growth. 

The cunclusion that the private sector's effective demand for 
broadband channels is likely t o  be negUgible depends jointly on (1) a 
conclusion as  t o  the overseas ccmunication r e w e m e n t s  of large 
firme, (2) a prediction t h a t  tenninal equipent will be introduced 
that will permit an increased rate  of transmission of information over 
a channel of given bandwidth, and (3) consideration of the probable 
costs of such services. 
and the estimates of various induetry spokesmen is partly the result 
of differfng definitions. 
"bro8dband" channel may be a channel derived f'rom the bandwidth of 
l ess  than one voice channel. Such a channel is '%roadband" i n  
reference t o  a 60 word-per-minute telegraph channel. mere appears 
t o  be no d d  from the private sector fo r  channels w i t h  an lnforma- 

t i an  capacity of ax@Aing like the 40.8 kilobit-per-second capacity 
of the channels the government may wish t o  lease. 

The seeming difference betveen this conclusion 

In the terminology of the industry, a 

The demand for television transmission is quite problematical. 

It is uncertain what the public response t o  direct tmumnu '8SiQll O f  

overseas television programs will be. 
and the sponsors of network pr0gra;lOning t o  the possibi l l t ies  of direct 
transmission of overseas television is also uncertain. Less question- 
able is the prediction that the cost of a fill time lease of an over- 
seas television channel will be very large relat ive t o  the costs of 
domestic transmission. 
during prime viewing time i s  already a ccxmonly employed network 
programing practice, the maximum effective demand fo r  overseas te le-  
vision transmission i n  1970 seems likely t o  be limited t o  off-peak 
transmission over routes where the capacity required for  comrentianal 

The response of the networks 

/ 

Since storage on videotape for rebroadcast 
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telecommunications services during peak periods is  of a similar order 
of magnitude t o  the capacity requirement for  real-time transmission 
of television . 

There are a number of d i f f icu l t ies  encountered i n  any attempt t o  
compare the estimates of required capacity given i n  Table 1 with the 

capacity available over submarine cable systems i n  1970. Firs t ,  the 
pLsns for cable construction by the American Telegraph and Telephone 
Company and foreign telecommunications authori t ies  are quite uncertain 
af%er 1965. Second, for relatively large amounts of bandwidth (equi- 
valent t o  24 or more voice channels), more telephone trunks can be 
obtained from that bandwidth than voice channels. This difference 
ar ises  from the application of time assignment speech interpolation 
("31) techniques. 

number of telephone conversations that can be carried over a given 
amount of bandwidth. However, for purposes of converting the estimates 
of Table 1 into estimates of required bandwidth ( i n  terms of the number 
of voice channels) there is  a problem of discreteness. TASI techniques 
are applied t o  discrete amounts of bandwidth with the result that the 
r a t io  of the number of voice channels used t o  obtain a given number 
of voice trunks t o  that number of voice trunks i s  somewhat variable. 
The capacity requirements given i n  Table 2 were obtained by adopting 
the convention that this ra t io  i s  .55. 
voice trunks are required for the demand for  telephone service between 
two points, the r a t i o  of the required number of voice channels t o  the 

required number of voice trunks i s  .55. This convention i s  not meant 
t o  be a prediction. The suppliers of teleconrmunications services may 
choose t o  l i m i t  the application of TASI i n  the future. 
requirements i n  Table 2 are  simply approximations of the m i n i m u m  band- 
width (in terms of  voice channels) that would be required i n  1970 t o  
accommodate demand as estimated in Table 1. The fact  that the r a t io  
of the required number of c i rcu i t s  (telephone trunks plus channels 
for other services) given in  Table 1 t o  the required number of channels 

* 

Application of TASI techniques nearly doubles the 

That is, where 50 or more 

The capacity 

* 
For a discussion of the planned capacity of submarine cable 

eystem,  6ee Appendix C . 
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Table 2 

THE DIFFEEENCE BE;TwEEN CAPAClTY R E 7  IN 1910 AMD 
AVAILABLE CAPACITY OF SUBMARm CAB= SXSTE2S 

(voice channels) 

Link 

Capacity Requirement6 
capscity N o t  Fulfilled by 

Requirementsa Cable Systems 

b 

e 

U.S. -Europe 510-700 none, 35-225, 165-355' 
U. s . -Hawaii (including transit 
traffic) 340-435 none, 0-130,f 155-2608 

U.S.-East Asia 105-148 0-20 
U.S.-Australia and New Zealand 27-35 none 
U.S.-Caribbean 1s- 
(including transit traffic) 330-430 65-138 

U.S . -Central America, Colombia, 
and Venezuela 120-180 none 

U.S.-Rest of South America 45-70 45-70 
U.S.-Rest of World 42-66 42-66 
Rest-of World-Rest of World 500-700 400-6003 

Notes : 

terms of voice channels and requirements stated in Table 1 see tex t  
%or relationship between estimates of capacity recpirements in 

(PP. 6-81. 
bPresumes construction of TAT-5 as a 720 voice channel cable. 
%resumes construction of TAT-5 as a 128 voice channel cable. 
%resumes no cable construction subsequent to TA!T.-4. 
%resumes construction of a 720 voice channel cable. 
fPresumes construction of a third cable to Hawaii -- second gene- 
%resumes no cable construction to Hawaii other than that currently 

%?resumes construction of a third cable to Puerto Rico -- second 

3Presumes no additional cable construction between C a n a d a  and 

ration type of cable (128 voice channels). 

announced. 

generation type of cable. 

Europe. 
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given i n  Table 2 dlffers  between the various routes is a reflection of 
differences i n  the absolute volume of traffic and i n  the relat ive 
importance of telephone service and other services. 
are not practicable over routes  where the demand for telephone service 
can be accommodated over a small number of trunks. 

TASI techniques 

According t o  Table 2, i f  only those cables are constructed whose 

construction plans have been announced, the sum of the differences 
between required capacity and the available capacity of cable systems 
over a l l  overseas routes w i l l  be about 900-1500 voice channels. 
routes involving the United States t h i s  t o t a l  i s  500-900 voice channels, 
about 80 per cent of which derives from the bulk routes t o  Europe, 
H a w a i i ,  and Puerto Rico. For the world as a whole, 30-35 per cent of 
the sun of tk differences between required capacity and available 

cable capacity derives from the reqpirements of routes over which 
there w i l l  be no cable service. 

For 

The capacity required t o  accommodate the demand for telecamuni- 
cation8 service between the United States and Europe and between the 
continental United States and H a w a i i  w o u l d  exceed the capacity of the 

submarine cable network over these routes by 1967 or 1w if cable 
construction were t o  cease with those prodects that have been announced. 
If the choice is made t o  augment the capacity over these route6 before 
1970 by construction of high-capacity eubmsrine cables (720 voice 
channels), 
and the available capacity of submarine cable systems over route6 
involving the United States would be the requirements over those routes 
that wil l  not be served by cable facilities In  1965. 
would apyly t o  total world t r a f f i c  i f  the capacity of the transatlantic 
portion of the Camonwealth cable system were sufficiently augmented. 

* 
almost a l l  the difference between capacity requirements 

This statement 

Unless submarine cable construction ceases after 1965 (or unless 
the demand for broadband channels develops much m o r e  rapidly than i s  
foreseen i n  t h i s  Memorandum) the cammercial future of coamnunlcationa 

* 
See R. T. Nichols, High-Capacity Submarine Telephone C a b l e s :  

Implications for Comunication Sa te l l i t e  Research and Developnent, 
The RAND Corporation, m - 3 8 7 7 - ~ ~ ,  September 1963. 



sa te l l i t es  over the next ten years appears t o  be closely bound to the 

possibil i ty that sa t e l l i t e  systems can compete successfulQ with hi@- 
freqpency (HF) raiiiotekphone system over routes of relatively  la^ 

t r a f f i c  density. 
tradeoff between the costs of the orbi ta l  system and the costs of 
the  ground stations should re f lec t  this possibility. 
the problem of achieving multiple access capabili t ies is less trouble- 
some and the costs of providing &round stations are less  for  satellites 
i n  synchronous orbi t  than for  satel l i tes  in random orbit at mediupp 

altitudes, then the relative advantages of a synchronous altitude 
system be of greater ixuportxmce and its relat ive disadvantages 

of lesser importance than has been previously thought. 

Investigations in to  the question of an optimal 

For -le, if 
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11. i3ASIC PROBIBG OF FORECASTING; 

The previous section was introduced with a statement as t o  the 
importance of forecasts of the size of the overseas telecommunications 
market t o  systems analysis of communication sa t e l l i t e s .  It is, of 
course, much easier t o  make a case for the need t o  forecast than it 
i s  t o  make a case for a par t icular  forecast. 
t rue o f t h e  market for overseas telecommunications, where the barriers 

t o  meaningfilmarket projections are formidable. It may be convenient 
t o  consider these forecasting problems i n  two groups: 
of barriers r e l a t e s , t o  estimation under circumstances i n  which past 

demand figures are known, and the second se t  of d i f f icu l t ies  re la tes  
t o  the problems of using his tor ical  t r a f f i c  figures as estimates of 
past demand. 

This is  particularly 

the first set 

Even i f  it is  assumed that t r a f f i c  figures are a good index of 
telecommunications demand, it is d i f f icu l t  t o  arrive at 811 explanation 
that can serve as the basis for market forecasts. The l is t  of factors 
that a re  l ikely t o  be of some importance i n  determining the volume of 
telecommunications demand is quite long, and the relative importance 
of the various factors over different Overseas routes is  qpite d i f -  

ferent. Many of the important determinants of telecommunications 
demand, such as the degree of commonality of language, cannot be 

measured directly. 
minants of demand such as tourism and gross capi ta l  flaws is  too 
incomplete t o  permit quantitative analysis. 
t ions on the avai labi l i ty  of data and i f  a way were found t o  take 
in to  account the nonquantifiable determinants of demand such that an 
explanatory model of reasonable completeness could be constructed, 
the problem of the  l imited number of observations would remain. 
underlying conditions of supply and demand for  overseas telecc-nmnmica- 
%ions prior t o  the Korean W a r  were sufficiently different from these 
same conditions today that it does not seem advisable t o  test market 
hypotheses on data pr ior  t o  1949 or 1950. 

Infomation about many of the measurable deter- 

I f  there were no limita- 

The 



1 
1 
8 .  

-u- 

The various limitations on the availabil i ty of data preclude the 

construction of formal explanatory m o d e l s  that are likely t o  take into 
account enough of the determinants of t e l e c m i c a t i o n s  demand t o  be 

useful. Demand is sensitive t o  a great variety of factors. 
explanatory models that treat the demand for  overseas telecmmnica- 
t ions services as a function of one or two variables are not likely 

t o  explain this demand satisfactorily. For example, only a small 
proportion of changes i n  telecomrmrnications t r a f f i c  since 1950 can be 

"explained" i n  terms of changes of trade. 
and Telegraph Company has attempted t o  predict the future volume of 

overseas telecomunications demand on the basis of t he  growth of the 

number oftelephones. However, although the rate of growth of the 
number of telephones i n  various parts of the world may be predicted 
w i t h  some confidence, the Future propensity of the average telephone 
subscriber t o  use his telephone f o r  overseas service is very difficult 
t o  forecast. 
market changes under the rug. 

Fonnal 

* 
The American Telephone 

The ATgGT model sweeps the basic uncertainties of fitwe 

The volume of overseas teleconnrmnications t r a f f i c  does not provide 

a very good index of the quan t i t y  of telecomrmuu * cations services 
demanded. The volume of services traded in  a given market is a f'unc- 
t ion  of supply as w e l l  as demand, and one of the most d i f f icu l t  prob- 
lems in forecasting demand for  telecomunications is  the determination 
of the extent t o  which the volume of  overseas telecommunications 
t r a f f i c  i n  the past has been influenced by considerations of supply. 
The demand for  message telephone service is not a simple function of 
price, since demand is largely time specific. The basic equilibrium 
mechanism today i s  a quality degradation process where the most impor- 
t an t  determinant of qual i t j  i s  the difference between the time when 
the service is  made available and the time vhen it i s  wanted. The 

nmber of messages that would be demanded of 8 system having a capacity 
that  permitted a t raff ic  density of 20 messages per c i r cu i t  per day 

* 
R. L. Slighton, Overseas Telecortnwnications Traffic and CanmOaity 

-f Trade The RAM) Corporation, Bb!-3817-NASA, September 1963. 



is qydte different from the number of messages demanded of a system 
requiring a t r a f f i c  density of 40 messages per c i rcu i t  per day. 

It is  of particular importance that the relationship between the 
q u n t i t y  of telecommunications services demanded and the quality of 
those senrices be considered when past t r a f f i c  figures are  analyzed 
with an eye towards estimation of long-term "normal" rates of increase 
of demand. The number of telephone messages between the United States 
and Europe increased at the average yearly rate 
the period 1950-1955. The corresponding ra te  for the period 1955-1960 
was 22.0 per cent. 
volume is given by comparison of the rates of growth of revenue from 
message telephone service. 
growth between these two periods i s  even greater. 
A!I'86T from the North Atlantic link increased a t  the average yearly rate 
of 6.1 per cent during 1950-1955 and 27.1 per cent between 1955 and 

1960. It i s  110 accident that the higher rates  of growth of t r a f f i c  
are found f o r  the  l a t e r  period, since the period 1955-1960 spans the 
construction of the transatlantic cables, TAT-1 and W-2,  and the 

augmenting of t he  message capacity of these cables by bandwidth reduc- 
t i o n  and TASI techniques. Differences i n  the rate of growth of trade 
and tourism are a par t ia l  explanation of the higher ra te  of growth of 
transatlantic telephone t r a f f i c  since 1955, but the basic explanation 
seems t o  be i n  terms of changes in  the conditions of supply. 
transatlantic l inks the introduction of cable service has meant a 
substantial reduction of queueing time as well as an improvement i n  
the ~ U t y  of the signal received. The problem of analysis is thus 
distinguishing between increases i n  t r a f f i c  that  would have occurred 
i n  the absence of a change i n  quality of senrice and increases in 
t r a f f i c  that are a response t o  quality change. 

* 
of 6.8 per cent i n  

A more accurate picture of changes i n  t r a f f i c  

On this basis the diflerence i n  t r a f f i c  
Revenue derived by 

For most 

Quality is also a function of the physicalpraperties of the 

circui t  provided, and the switch t o  cable c i rcui ts  over certain links 

* 
By the term "average" yearly rate of increase is meant the  geo- 

metric mean of the year-to-year rates of increase during the period 
in question. 
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d u r i n g  the period 1956-1960 presents a second major problem in using 
t r a f f i c  data of the base period to forecast demand i n  the Rrture. 

Since the circui ts  derived f r o m  telephone cables provide a better 

connection than do high-frequency radio circuits,  some of the traf'fic 
a w e s  during the base miod reflect consumer response t o  changes 

i n  this aspect of circuit gual i ty .  
and it is desirable t o  eliminate t h i s  response fran q estimate of 
the "nornal" long-term growth rates. 
w e r e  a response t o  improvement i n  the quality of connection occurred 
more or less  coincidentally with the t r a f f i c  increases that were a 
response to reduction of w a i t i x g t i m e .  Therefore, it is exceedingly 
hazardous t o  estimate the i r  magnitude. 

This is a once-and-for-all efPect, 

The increases i n  demand that 

An additional problen i n  using available t r a f f i c  data as a baais 
for projection of d d  is that the datum most comnody available is 
the number of messages. 
revenue minutes, the product of the number of messages and the average 

length of the message. Data on length of message are not a w l a b l e  
on a systematic basis, at least outside the telephone M u t r y .  
Revenue and message data taken together are sufficient t o  calculate 
changes i n  message length i f  prices are constant, but revenue data 
are regularly available only fo r  aggregates. 
i n  c i rcu i t  wty attendant upon the shift f rom radio t o  cable have 
in some instances been coincident with a change i n  the price structure. 
This complicates the calculation of message length. 

Of more interest ,  however, is the number of 

In addition, the changes 

The problems discussed above re la te  t o  the  demand for message 

telephone service, The overseas demands for telex, datatelex, f'acsimile 
transmission, and television are even less  amenable t o  andlysis and 

prediction. For example, intercontinental te lex t r a f f i c  i s  still i n  
the phase of super-rapid growth characteristic of new senrices, and 
datatelex service was inaugurated only within the last year. 

The discussion of the problems of forecasting the overseas te le -  
colmmml 'cations market has been presented t o  give some background t o  
the decision t o  make forecasts directly on the basis of extrapolation 
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of past trends i n  the volume of telecommunications. 
of  formal models would be pretentious. 
demand a r e  too limited and the relationship between t r a f f i c  volume 
and the quantity of service demanded is  too obscured by supply con- 
siderations t o  permit a thoro- explanation of the past i n  terms of 
forrmlbehavioralmodels. 
i n  terms of a s e t  of variables such as trade, tourism, capi ta l  flows, 
and the number of telephones, the problem of predicting these explana- 
tory variables would remain. Unless the future r a t e  of growth of 
these variables i s  thought t o  be different from their  r a t e  of growth 
i n  the past, they w i l l  be predicted by extrapolation according t o  
t he i r  own past rates of growth. 
seas telecommunications services provided by a formal model, whose 
predictive variables must be themselves predicted by extrapolation 
of past trends, will be much the same as the forecast extrapolated 
from past t rends of the variable to be predicted. 

The constmction 
Data on the determinants of 

And i f  demand i n  the past could be explained 

The forecast of the volume of over- 
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111. ANALYSIS OF THE GROWTH OF OVERSEAS 

TELZCWICATIONS IN THE PERIOD 1950-1962 

THE GROMTH OF "F,LEFT€ONE TRAFFIC 

Traffic Involving the United States 

As can be seen fromTable 3, the  growth of overseas message 
telephone t r a f f i c  i n  the recent past has been quite uneven, both by 
year and by area. For the period 1950-1962, t o t a l  overseas telephone 
t r a f f i c  shared a 14.8 per cent average annual rate of increase when 
measured by nwiber of messages and a 16.1 per cent average annual 
rate of increase of revenue, the difference arising from changes i n  
the proportions of messages made at  various prices, and increase i n  
average length of message, and some change i n  price (on calls t o  
Hawaii and Puerto Rico). 
t e r i s t i c  of the  ent i re  time period, however. For the pre-cable years 
1950-1955, messages increased at  the average annual rate of only 10.8 
per cent ana revenue increased 10.3 per cent on the average. 
averages are strongly affected by t h e  tremendous jump i n  messages and 
revenue t o  the Far East i n  1950-1951 because of the Korean conflict. 

* 

This rate of change has not been charac- 

These 

*"Average" ra te  of increase means the geometric mean of the 
year-to-year rates of increase during the perrod i n  question. This 
rate can be calculated easily through the relationship log(1 + r) = 
(l/n) log(YdYo), where Yn is the volume of t r a f f i c  i n  the last  year 
of the period, Yo i s  the volume of  t r a f f i c  i n  the first year, and 

A method of describing the 
growth of t r a f f i c  over a particular t i m e  period that  uses more of the 
available information i s  the estimate of the t i m e  trend which is 
obtained through regression ana lys is .  
which minimizes the sum of the squared deviations of the logarithms 
of the observed values of t ra f f ic  from the estimates of the logarithm 
of t r a f f i c  obtained from the regression m o d e l  log Y t  = log A + 
t log(1 + r) . 
w i t h  more computational effor t  than the so-called "average" rate of 
growth. Where descriptive s ta t i s t ics  are needed for  purposes of 
rough coqarisons only, the measure requiring less computation w i l l  
be employed. Where a s t a t i s t i c  that  may be used for  extraDolation 
is  required, the rate obtained through regression analysis w i l l  be 
used. 
fo r  the data i n  t h i s  study. 

It 11 r i s  the average rate of increase. 

This rate is that  rate "r" 

The l a t t e r  rate, called here the "trend," is obtained 

In general, the two s ta t i s t ics  are  quite similar i n  magnitude 
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If 1951-1955 i s  chosen as the pre-cable reference period, the average 
yearly increases i n  messages and revenue are only 7.3 per cent and 
7.2 per cent respectively. 

Since 1955 there has been a noticeable quickening of the pace of 

growth of overseas message telephone t ra f f ic .  
increased 17.8 per cent per year on the average and message revenue 
increased a t  an average yearly rate of 23.9 per cent during the 
period 1955-1962. 
messages hancled by AT&T and ATW message revenue derives largely 
f r a m  a noticeable increase i n  length of message f o r  a l l  areas in  
which cables have replaced high-frequency radio f ac i l i t i e s .  

Overseas messages 

The marked difference i n  the rates of growth of 

The differences i n  rates of increase of message v o l m  are a lso  
noticeable when t r a f f i c  t o  different areas is compared. During the 
period 1955-1962, message volume to Western Europe increased a t  the 
average yearly rate of 20.7 per cent and message revenue increased at  

the rate of 25.2 per cent. During the same period message t r a f f i c  t o  
South America increased at  the rate of only 6.6 per cent. Traffic t o  
the Far East exhibited vir tual ly  no growth during the period 1955- 
1962, while t r a f f i c  t o  H a w a i i  increased a t  the average yearly rate of 
21.5 per cent and t r a f f i c  t o  Australia and New Zealand increased a t  

the rate of 13.4 per cent. 
H a w a i i  considerably understates the increase i n  revenue minutes. 
Message length increased about 35 p r  cent during the period 1956- 
1959 alone, but some part of th i s  increase derived from a one-fifth 
reduction i n  the price of extensions t o  the basic three-minute 
period. 
yearly rate of 28.5 per cent during 1955-1962. 

The increase i n  the volune of messages t o  

Message volume t o  Puerto Rico increased a t  the average 

For the earlier period, 1950-1955, the differences i n  growth 
rates  for  t r a f f i c  t o  different areas are soinewhat less pronounced. 
During t h i s  period, message volume t o  Western Europe increased at  the 
average yearly ra te  of 6.8 per cent, message revenue increasing about 
a t  the ra te  of 5.2 per cent, the average length of message having 
fal len somewhat. Other average yearly rates of increase during the 



-18- 

period 1950-1955 were as follows: 
New Zealand; 14.4 per cent t o  H a w a i i ;  20.6 per cent t o  Puerto Rico; 
6.5 per cent t o  South America; and 14.0 per cent t o  the Far E a s t .  

8.4 per cent t o  Australia and 

* 

Since the year-to-year variation i n  the rate  of change of tele- 
phone t ra f f ic  i s  f a i r ly  sensitive t o  changes i n  the volume of over- 
seas trade, it is  important that  estimates of the long-run "normal" 
ra te  of increase or "trend" of telephone t r a f f i c  be obtained for  
time periods that  begin and end i n  the same phase of the  trade cycle. 
There are two long periods within the  span of years being investi- 
gated t h a t  meet t h i s  cri terion reasonably w e l l .  The period 1953- 
1961 extends fromsthe trough of the post-Korean War overseas trade 

recession t o  the latest trough year. The period 1951-1962 extends 
from the peak of the Korean War trade boom t o  a year of substantial 
trade expansion. 
t r a f f i c  as estimated by l inear  regression of the logarithms of tele- 

phone t ra f f ic  against t i m e  f o r  these two periods are  given i n  Table 
4. These rates by themselves do not provide a satisfactory basis 

for  prediction of the future. For those routes over which submarine 
cable fac i l i t i es  have replaced HF radiotelephone channels, the trends 
given i n  Table 4 exhibit an upward bias because of increases i n  the 
quality of service over the entire period. 
ences between the peak-to-peak and trough-to-trough trends calculated 
for  t ra f f ic  t o  Europe and H a w a i i  are exaggerated somewhat because of 

the concentration of improvements i n  quality of service i n  the sub- 
period 1957-1961. 

The trends i n  the rate of growth of telephone 

In addition, the differ- 

The introduction of overseas cables seem t o  have had two 
separate effects. F i r s t ,  the great increase i n  number of c i rcui ts  
reduced queueing time substantially (as much as 60 minutes on some 
circui ts)  and increased the number of messages that could be handled 

~ - * 
"he rate of 14.0 per cent t o  the Far East is not particularly 

meaningful. 
continued t o  increase somewhat un t i l  1953, when message volume was 
2-1/2 times that  i n  1950. 
less  continuously through 1958. 

Traffic approximately doubled from 1950 t o  1951 and 

Subsequently, t r a f f i c  declined more or 
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Table 4 

R o u t e  

U. S . -Europe 17.3 

U.S . -South America (including 
-1 6.2 

U.S.-Puerto Rico 24.6 

U.S.-Australia and New Zealand 11.6 

U.S. -3awaii 19.0 

6.7 

24.7 

12.8 

21.4 

Note : 

period for the route U.S.-South America than does the period 1951- 
1962. 
was calculated -the data for  the years 1950through 1959. 

%e period 190-1959 comes closer t o  being a peak-to-peak trade 

Accordingly, the peak-to-peak trend i n  t r a f f i c  over that route 

Source : 
See Table 3. 
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during hours of convenience. Altinough d i f f icu l t  t o  estimate, the 

t r a f f i c  increase induced by the provision of greater capacity ty-pi- 
cally seems t o  nave been on the order of 25-50 per cent of the 
t r a f f i c  carried on the previously existing f ac i l i t i e s .  Second, the 
switch from HF' radiotelephone t o  cable c i rcui ts  resultea i n  a suff i -  
cient improvement i n  signal quality on overseas cal ls  t o  warrant the 
assertion that  a cable message i s  a substantially different good. 

Message length has typically increased 20 per cent following intro- 
duction of cable service. In addition, the inprovement i n  signal 
quality induced an increase i n  the number of nessages demanded. 
Although it is analytically possible t o  distinguish between increases 
i n  demand that  are a response t o  reduction of waiting t i m e  and 
increases i n  demand that  are a response t o  improvement of signal 
quality, t he i r  relative importance cannot be estimated. Considering 

the 25-50 per cent increase i n  the number of messages and the 20 per 

cent increase i n  message length resulting from the decrease i n  
queueingtime and improvement of the physical quality of t h e  c i rcui ts  
together w i t h  the "normal" yearly increase of the number of messages 
of 15-20 per cent, a change from HF radiotelephone circui ts  t o  
circuits of cable quality i s  l ikely t o  be followed by an increase i n  
telephone t r a f f i c  of between 70 per cent and 120 per cent within a 
year of the opening of cable service. 
w i l l  depend on the degree of overcrowding on the radiotelephone 
circuits,  the physical properties of the previously existing HF 
circuits,  and the "normal" ra te  of increase fo r  the l ink concerned. 

The extent of the increase 

Some specific examples of the effect  of the substitution of 
cable circuits for  HF circui ts  on t r a f f i c  and revenue are as follows. 
Message volume from the United States t o  the United Kingdom increased 
by about 65 per cent from 1956 t o  1957. 
the impact of cable installation on telephone t r a f f i c  because TAT-1 
was i n  operation during the last three months of 1956. 
i n  revenue during th i s  same period was about 100 per cent. 
number of messages t o  H a w a i i  i n  1958 w a s  about 45 per cent greater 
than the corresponding figure for 1957 although the Hawaiian cable 

This increase understates 

The increase 
The 
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w a s  i n  operation during the last f e w  months of 1957. 
following the instal la t ion of cable service t o  Puerto Rico i n  January 
of 1960, the  number of messages increased about 70 per cent. Message 
volume t o  Gemmy, France, and I ta ly  increased about 43 per cent 
during the first f u l l  calendar year following completion of TAT-2. 

In  the year 

The rates of growth of telephone nessages during 1950-1962 do 
not relate t o  service of constant quality nor t o  service of a quality 
approaching tha t  of U.S. domestic service. me differences i n  
c i rcu i t  crowding between overseas and domestic routes preclude 
measurement by t h e  sane standards, domestic service being rated on a 
probabilistic basis (the chance of not placing a call  immediately) 
and overseas service on the basis of average wa i t ing  time. 
wai t in& the on ca l l s  t o  Europe was about 1 5  minutes during 1962, 
although t h i s  varied widely between countries and by t i m e  of year -- 
from 113 minutes on ca l l s  t o  Spain i n  March t o  6 minutes on ca l l s  t o  
Germany i n  September and November. 
on waiting t i m e  i n  1962 was 8.0 minutes on ca l l s  t o  Germany, 15.6 
minutes on ca l l s  t o  t h e  United Kingdom, and 10.7 minutes on calls t o  
France. The mre crowded circuits averaged around 30 minutes waiting 
t i m e .  The differences i n  waiting times between countries re f lec t  the 
presence or  absence of cable service and differences in  t h e  amount of 
investment i n  the transatlantic cables (and hence the number of 

available c i rcui ts)  between the various European telecommunications 
authorities. 
i n  waiting t i m e  on routes t o  Europe, H a w a i i ,  and the Caribbean. 

Waiting times do not seem t o  have changed very much f o r  nost of the 
l inks provided by HF radio. Waiting time t o  South American points 
has been f a i r ly  stable and nas even worsened t o  some points appar- 
ently because of the overloading of local c i rcui ts .  
t i m e  i n  1962 on ca l l s  t o  Argentina and Brazil  was about 28 and 23 
minutes respectively. 

Average 

The average of mnthly fi,cyures 

Over the period 1950-1962 there was a general reduction 

Average wa i t ing  

The waiting t i m e  variable is useful as an index of the potential 
t r a f f i c  tha t  would be forthcoming i f  load factors on overseas 
c i rcu i t s  could be reduced and as a basis f o r  estimating the extent to 
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which recent t r a f f i c  growth figures ref lect  consumer response t o  
improvement i n  quality of service. 
given l i n k  and the t i m e  pattern of demand for  messages over that  
l ink are such that  peak demand cannot be accommodated without tide 

delay, it is inevitable that  some potential t r a f f i c  i s  lo s t .  
t r a f f i c  loss is a function of the extent t o  which capacity constraints 
require a sh i f t  of the unconstrained time pattern of demand, or  the 
difference between the time pattern of t r a f f i c  and the time pattern 
of demand. 
although th i s  s t a t i s t i c  is a somewhat imperfect measure of potential 
t r a f f i c  l o s s  since the difference between waiting time for  ca l l s  
made during peak periods and average waitin8 time f o r  a l l  ca l l s  i s  

l ikely t o  be quite different for  various links. 

Where the channel capacity of a 

The 

Average waiting time i s  a rough index of t h i s  difference, 

The nature of the relationship between the magnitude of the 
reduction of average waiting t i m e  and the proportionate increase i n  
the nuiiber of telephone messages demanded is  uncertain. Tne reduc- 
t ion i n  t ra f f ic  associated with capacity constraints may be more 
than proportional t o  the increase i n  waiting t i m e  since soue custoraers 
w i l l  not switch t o  an  alternative means of communication unless the 
waiting time exceeds a certain c r i t i c a l  range. 
f ication t o  t h i s  a pr ior i  l ine  of argument but there is a counter 
tendency, the prevalence of impulse calling. 
result  i n  cancellation of message plans i n  such cases, and ATgGT seems 
t o  f ee l  t h a t  impulse ca l l s  are by no means a t r i v i a l  proportion of 
t o t a l  demand. A s  a result  of these two conflicting tendencies the 
effect  of capacity restraints on overseas t r a f f i c  may be more or less 
proportional t o  average waiting t i m e .  

There i s  some jus t i -  

Even short delays may 

Traffic Not Involving the United States 

The data on t r a f f i c  involving the United States are more reliable 
The most complete summary of world overseas telephone than any other. 

t r a f f i c  is t h a t  made for  the year 1960 by H. M. Flinn. 
mates were released from the f i les  of the American Telegraph and 
Telephone Company. According t o  tnese estimates, the volume of 

These esti- 
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overseas traffic involving the United States was about 71 per cent 
of the total world overseas traffic in 1960 if the totals are defined 
so as to exclude traffic between Europe and North Africa and traffic 
between the United States and Cuba (and the Bahamas). 
traffic between the United States and the rest of the Caribbean area 
reduces U.S. participation to some 67 per cent of world traffic, and 
exclusion of Hawaiian traffic reduces this ratio to 60 per cent. 
participation of other areas in world traffic can be estimated from 
the first three columns of Table 5. The proportions of total world 
overseas telephone traffic carried over particular routes according 
to Flinn's estimates are reported in the first three columns of 
Table 6. 

Excluding 

The 

These figures all apply to the year 1960. 

Certain of the estimates in Flinn's study a-Fear questionable, 
however. 
are not consistent with the estimates of teleDhone traffic originating 
in the Cornonwealth countries for the period March 1960-March 1961 
reported by tine British Post Office. Since the estimate of South 
African traffic was apparently used as a benchmark to establish a 
total for the rest of Africa, the latter fibwe nay also be over- 
estimated. 
Flinn's estimates with respect t o  the definition of what should be 
considered an overseas or intercontinental route. 
Flinn's totals include traffic between Japan and Korea or Okinawa 
and traffic between Central America and the countries of South 
America that border on the Caribbean. 
commnication by microwave or troposcatter radio techniques over 
short routes suggests tfiat such traffic might well be excluded from 
a count of overseas or intercontinental traffic if the purpose of 
the count is the study of the potential mrket for satellite coanuni- 
cations. If the estiaates of Flinn's study are adjusted to reflect 
the possibility of erther an overcount or inappropriate coverage, 
69 per cent of total overseas tele3hone traffic involves the 

The counts of traffic involving South Africa and South Asia 

There is also a question as to the inclusiveness of 

For example, 

The feasibility of providing 
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Table 5 

THE DLSTRIBUTION BY AREA OF WORLD OVERSEAS 
TELEPHONE TRAFFIC8 

(per cent) 

Area 
De f i n i t  i on De f i n i t  ion Definition Definition 

Ib IF 11s Ne 
North America (including 

United States 
Caribbean area) 

Europe 
South America 
Africa 
Middle East and South Asia 

Japan 
Eest Asia other than Japan 
Australia and New Zealand 
Hawai i  

T o t a l  

50.1 

(35.4) 

4.3 
3.1 
4.0 
2.9 
3.4 
3.1 

7.4 

21.7 

loo. 0 

38.0 

(33.3) 
27.0 

5.3 
3.9 
4.9 
3.5 
4.3 
3.9 
9.2 
loo. 0 

35.5 
(29.9) 
33.0 
6.4 
4.7 
6.2 
4.4 

5-3  
4.5 - 

39.4 
(34.3) 

6.3 
2.7 
4.4 
3.6 
4.5 
4.5 

34.6 

- 
loo. 0 100.0 

Notes: 

ing  the area i n  question t o  t o t a l  world volume and then dividing by two. 
adjustment accounts for the fact  that  a single c a l l  has two termini. 

bDefinition I defines world t r a f f i c  as embracing a l l  overseas messages except 
t r a f f i c  between France and Algeria and t r a f f i c  between the United States and Cuba, 
the Bahamas, and Alaska. 

Definition I1 excludes t r a f f i c  t o  and from the United States and the rest of 
the Caribbean from the t o t a l  of Definition I. 

%finition I11 excludes t r a f f i c  t o  and from Hawaii f r o a n  the t o t a l  of Def'ini- 
t ion 11. 

%efinition IV embraces the same geographical coverage of Definition 111, but 
the figures of th i s  coluxn are  based on the revised version of H. M. Flinn's esti- 
mates. 

- 
a"Shares" of t r a f f i c  were computed by determining the r a t io  of messages involv- 

The latter 

C 

Column 1-111 are based on Flinn's original estimates. 

Sources : 

Telephone and Telegraph Campany by H. 14. Flim. 

revision is  given i n  the footnote on page 26 of t h i s  Memorandum. 

Columns I, 11, and I1 are calculated from estimates prepared for the American 

Column N is calculated f r o m  a revision of Flinn's estimates. The precise 
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Table 6 

'ME PR9poRTIONs OF V0RI.D OVERSEAS T E I E I 3 O N E  !BAFFE 
CARRlED om PAKCICULAR LINKS 

(per cent) 

Link 
Definition Definition Definition Wfinition 

I II 111 rv 
North Axerica-Europe 
North America-Caribbean (other 
than Cuba asd the Balhamas) 

North America-Rawaii 
North America-South America 
North America-Zast and South Asia 
North America-Australia and New 

North America-Africa 
Europe-Africa 
Europe-Middle East and South Asia 
Mope-Australia and New ZeaLand 

Europe-South America 
Thrope-East Asia 
Australia and New Zealand-East and 

Japan-East and South Asia 
Other Links 

Total 

Zealand 

South Asia 

32.6 

17.6 
14.6 
7.2 
4.4 

1.2 

0.3 
4.4 

3.1 
1.3 
1.0 

0.5 

0.3  
2.7 
8.8 

loo. 0 
- 

39.6 

- 
17.7 
8.7 
5.3 

1.5 
0.4 
5.3 
3.8 
1.6 
1.2 
0.6 

0.4 

3.3 
10.6 

loo. 0 

48.1 

- 
- 

10.6 
6.5 

1.8 
0.5 
6.4 
4.6 
1.9 
1.5 
0.7 

0.5 
4.0 
12.9 
loo. 0 

56.5 

- 
- 

10.8 
7.6 

2.0 

0.5 
3.5 
4.0 

2.3 
1.7 
0.8 

0.6 
2.5 

7.2 
loo. 0 

Note : 

the notes to Table 3. 

- 
The definitions of world overseas traffic and the sources of data are given in 



-26- 

* 
United States. 
i s  the 60 per cent figure imalied by co lu~~m I11 of ei ther  Table 5 or 
Table 6. 
i n  t o t a l  Overseas telephone t r a f f i c  according t o  th i s  revision of 
Flinn's estimates are presented as c o l m  IV of Tables 5 and 6. 
figures apply t o  1960. 
volume of telephone messages involving points other than the United 
States f o r  other years, so there is  l i t t l e  information as t o  t h e  

change through time i n  the relative im9ortance of t r a f f i c  involvlng 
the United States t o  t o t a l  world t r a f f i c .  
overseas cables l a id  between 1956 and 1961 involve the United States 

a t  one terminus, it is  l ikely t ia t  telephone service over routes 
involving the United States has been more inproved than over other 
routes. A s  a consequence, the share of tine United States i n  t o t a l  
overseas telephone t r a f f i c  has probably been increasing over the base 
perrod, 1950-1962. 
operation and if Japanese cables are constructed, t h i s  t rend  may be 
reversed. 
over routes not involving the United States i s  but one element i n  
t h i s  prediction. A s  measured by the nurnber of telephones i n  use, the 
internal telecomunications systems of many foreign countries have 
been growing more rapidly than the internal telephone system of the 
United States i n  recent years. 
nations, Japan, India, South Africa, Australia, and Venezuela, t o  
give but a partial l i s t .  

If Flinn's data are not adJusted, the relevant r a t io  

The shares of the various areas and of the  various routes 

These 

There are no reliable estimates of the t o t a l  

However, since most of the 

A s  t h e  Cornonwealth cable system i s  put into 

The inarovement of overseas telecomunications f ac i l i t i e s  

This i s  t rue $or most of the European 

* 
The estimates of colwm IV of Tables 5 and 6 are based on the 

following deductions from Flinn's totals :  reductions f o r  potential 
overcount: Europe-Middle East and South Asia (-30,000 messages), 
Europe-Africa (-100,000 messages), intra-area t r a f f i c  i n  South Asia 
and the Middle East (-30,000 messages), South Asia-East Asia ( -20,000); 
reductions for definition of coverace: West Indies and Central America- 
South America (-35,000 messages), intra-East Asian t r a f f i c  (-50,000 
messages). Althoud.1 there i s  good evidence for  the hypothesis that  
certain of Flinn's figures are too high, t h i s  evidence does not permit 
estimation of the s ize  of t h i s  overcount w i t h  any great confidence. 
The adjustments for overcount are based on benchmarks obtained from the  
estimates by the Brit ish Post Office of overseas t r a f f i c  involving 
South Africa, India, and Ceylon. Total t r a f f i c  i s  defined t o  exclude 
t r a f f i c  between the continental United States and H a w a i i ,  between the 
United States and the Caribbean islands, and between France and Algeria. 

_ I  
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THE GROWTH OF RECOlD "FIG THROUGH 1961 

The importance of the market f o r  record communication relative 
t o  the mrket  for  voice communication depends upon the question being 
asked. The gross revenue of the U.S. international telegraph carriers 
is  greater than the gross revenue of the U.S. international telephone 
carriers. On the other hand, t h e  bandwidth requirement for  overseas 
telephone service exceeds the overseas bandwidths requirement of the 
telegraph carr iers  by a factor of something between six and seven t o  
one. This ra t io  w i l l  increase somewhat i n  the near future. 

The market f o r  message telegraph service, tne main source of 
income t o  the overseas telegraph carriers,  has been growing very 
slowly and can be expected t o  continue t o  do so. Other forms of 
record cornrinanication have been growing at  rates equal t o  o r  larger 
than  the rate of growth of message telephone service, however, so it 
is  possible tha t  the decline of the relative importance of the record 
communication market w i l l  be arrested i n  the latter part of t h i s  
decade. 

Message Telegraph Service 

The gross revenue derived from the message telegraph market 
still  dominates the revenue totals  derived from a l l  forms of over- 
seas record comnmication, but it is  clear that message telegraph 
w i l l  play a much smaller role i n  the future overseas telecommunica- 
t ions market. In general, the growth prospects fo r  message telegraph 
are sufficiently bleak that estimates of the additional bandwidth 
required t o  a c c o r d a t e  future increases i n  overseas telecomnunica- 
t ions demand are not sensitive t o  the l ikely errors of forecast of 

the change of message telegraph demand. 

The grarth of overseas telegraph messages since 1950 is 
shown i n  Table 7. 
i s  only 2.3 per cent per year. 

telegraph t r a f f i c  is the  result  of a relat ive sh i f t  of demand 
t o  airmail, telephone, and telex services. Telex service has 

The average rate of growth (geometric mean) 
"he slow growth of message 
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the advantage of the greater f lex ib i l i ty  inherent in  duplex trans- 

mission. 
consistently since World War 11, and the r a t io  of telephone t o  tele- 
graph prices has f a l l e n  about 10-15 per cent since the Korean W a r .  
Although there is no obvious way of distinguishing the relat ive 
importance of the growth of the various alternative means of communi- 
cation t o  the decline i n  message telegraph, the statistics do suggest 
tha t  the improveixmt of quality of telephone service is a factor of 
sone importance. 
between 1956 and 1957, the first f U l  year of operation of TAT-1, in  
spi te  of a sizable increase of transatlantic trade. 
full year of operation following installation of the Hawaiian cable, 
the  volume of message telegraph t r a f f i c  between Hawaii and the con- 
t inental  United States f e l l  some 6.6 per cent. 
traffic t o  Puerto Rico decreased 4.9 per cent i n  the year following 
introduction of cable teleDhone service. It seems reasonably safe, 
therefore, t o  predict a further slowing of the rate of growth of 
message telegraph service as telephone f a c i l i t i e s  of cable quality 
are extended t o  the Caribbean, South Anerica, and t h e  Far East. 

The quality of message telephone service has been improving 

Message telegraph volume t o  Europe showed no change 

During the first 

Message telegraph 

Where t o t a l  world overseas telegraph t r a f f i c  is  defined t o  
exclude t r a f f i c  between the United States and Alaska, Hawaii, and 
the Caribbean, and between France and Algeria, the t o t a l  number of 
overseas telegraph messages appears t o  be about twice the volume of 
t r a f f i c  involving the United States. For the s a m  concept of over- 
seas links, t h i s  can be compared with a r a t io  of about f ive  t o  three 

i n  the case of message telephone. T r a f f i c  involving North America 
includes about 58 per cent of the t o t a l  overseas message telegraph 
t r a f f i c .  
rnately 71 per cent. 
and points up the fact  that telegraph service t o  Europe from areas 
other than North America is  relatively better than telephone service. 
The proportion of message telegnqn volume that does not involve 
e i ther  North America or  Europe i s  very small, probably on the order 
of 6 per cent or  so, although th is  figure is  subJect t o  a f a i r ly  high 
absolute error. 

The corresponding figure fo r  message telephone is approxi- 
The discrepancy i n  these f b g u r e s  is substantial 
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About one-third of message telegraph service i s  directed between 
Europe and North America. The next most important t r a f f i c  route i s  

between Europe and Africa, w i t h  nearly 13 per  cent of t o t a l  i n t e r -  
continental  t r a f f i c  even though t h i s  does not include t r a f f i c  between 
France and Algeria. The volume of telephone c a l l s  between Europe and 

Africa was s l i g h t l y  less than 6 per  cent of t o t a l  in te rcont inenta l  
t r a f f i c .  Roughly 10 per cent of message telegraph t r a f f i c  involved 
the  North Anrerica-South America l i nk .  
South America i s  apparently somewhat less than t h e  t r z f f i c  between 
North America and South America, although the  r a t i o  between North 
American and European t r a f f i c  t o  South America i n  1960 is  almost 
cer ta inly l e s s  f o r  message telegraph service than f o r  message 

telephone. 

T ra f f i c  between Europe and 

As i s  shown i n  Table 8, the pa t t e rn  of d i s t r ibu t ion  of message 
telegraDn t r a f f i c  is  auch c loser  t o  t h e  pa t t e rn  of world trade than 

i s  the  pat tern of d i s t r ibu t ion  of telepnone t r a f f i c .  Tnis i s  fu r the r  

borne ou t  by comparisons of the  t r a f f i c  shares of pa r t i cu la r  l i nks .  
About one-quarter of all intercont inental  trade takes place along the 

t r ansa t l an t i c  route. Transat lant ic  telegraph volume i s  about one- 

t h i r d  of the  world t o t a l  while one-half of a l l  intercont inental  

telepnone t r a f f i c  i s  so directed.  

The data on changes i n  vo lme  of world telegraph t r a f f i c  through 
t i m e  are even less sa t i s fac tory  than t h e  data on the  geographical 
d i s t r ibu t ion  of t h i s  t r a f f i c .  What infomat ion  we do possess suggests 
t h a t  the very low rates of growth found f o r  U.S. t r a f f i c  are l i k e l y  t o  
be charac te r i s t ic  f o r  telegraph t r a f f i c  not involving the  United 
States. Data f o r  t he  United Kingdom, Belgiu-a, and the Netherlands 

suggest t h a t  there  may have even been an absolute decline i n  the 

volume of overseas telegraph t r a f f i c  between Europe and intercon- 
t i nen ta l  points  other  than the  United S ta tes  during t h e  la te  1950s. 
There seems t o  have been much less change i n  the pa t t e rn  of dis t r i -  

bution of message telegraph t r a f f i c  during the past  decade than i n  

the  pat tern of d i s t r ibu t ion  of telephone t r a f f i c .  “‘is a l s o  seems 
l i k e l y  for  the  period u? through 1970. 
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Area 

United States 
North America 

-ope 
South America 
Africa 
Middle East 3 7 2 

South Asia 

Japan 
16 9 9 3 
12 9 10 30 

East Asia other than Japan 8 ll 4 6 
6 - 8 A u s t r a l i a  and New Zealand - 8 9 - 

T o t a l  2Oob 200 200 200 

Notes: 
a"Overseasn t r a f f i c  is defined so as t o  exclude t r a f f i c  between 

the United States and Alaska, Hawaii, and the Caribbean, and t r a f f i c  
between Europe and North Africa. 

bThe percentage figures for ea& area to t a l  t o  200 per cent 
because there is no distinction made between in i t ia t ion  and termina- 
t ion  of t ra f f ic .  

- 

Sources: 

Trade Stat is t ics ,  1960 (New York: 

for the American Telephone and Telegraph Ccanpcrmt. 
Service: 
S ta t i s t ics ,  1958 (Geneva: m, 1959). 
ment of the Irrternational Telex Service (Geneva: 

Commodity Trade: 

Message Telephone Service: 

United Nations, Yearbook of International 
U n i t e d  Nations, 1962). 

Estimates by H. M. Flinn prepared 
Message Telegraph 

International Telecommunications Union, General Telegraph 

Telex Service: International Telecammunications Union Develop- 
ITU, 1962). 
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Telex and Leased Line Record Services 

Although message telegraph t ra f f ic  has been growing slowly over 
the past decade, otiner forms of record communication have been growing 
a t  rates equal t o  or i n  excess of the rate of increase of voice 
communication. The sum of the leased circui t  and telex revenues of 
the U.S. international telegraph carr iers  has grown a t  t h e  average 
annual rate of 20.9 per cent since 1956. 
has been particularly high, the average ra te  of increase i n  telex 
t r a f f i c  involving the United States having been about 35 per cent per 
year since 1956. Telex revenue prior t o  1956 is  not identifiable 
from published FCC records, but ITU data suggest that  the average 
rate  of increase of telex t r a f f i c  was about 60 per cent per year 
during the period 1951-1956. 

* 
The growth of telex t r a f f i c  

New services can be expected t o  grow at  more rapid rates than 
existing services, particularly when a deferred demand has been 

building up for  a period of years. 
suggests that  t h i s  is  the case w i t h  the growth of telex. 
t r a f f i c  t o  Argentina was ini t ia ted in  1957, the rate of increase of 
t r a f f i c  fa l l ing  from 133 per cent in  1959 t o  41 per cent i n  1961. 
Japanese te lex service was ini t ia ted i n  1956, the rate of growth of 
t r a f f i c  fa l l ing  from 97 per cent i n  1958 t o  42 per cent i n  1961. 
Overseas te lex service t o  Canada seems t o  have commenced during 1957, 
the rate of increase of telex service fa l l ing  from 118 per cent i n  
1959 t o  16 per cent i n  1961. 
countries i s  primarily intra-European i n  routing, but growth rates 
are falling. The rates of increase i n  1955 for  France, Germany, and 
Sweden were 38.9, 30.1, and 21.3 per cent. 

increase had f a l l e n  t o  about 24, 11, and 5 per cent respectively. 

The experience of other nations 
Telex 

Telex volume t o  and from the European 

By 1961 these rates of 

Such a slowdown i n  the rate of increase of overseas telex 
t r a f f i c  is also evident i n  the recent 
important complication i n  identifying 
t i v i t y  of te lex t r a f f i c  t o  the volume 

* 
Geometric average. 

U.S. t r a f f i c  experience. An 
such a reduction i s  the sensi- 
of intercontinental trade. 



-33- 

The years 1955-1957 were years of substantial increase i n  the volume 

of intercontinental trade with the United States, 1956 being the 
peak year. 

years, 59, 56, and 51 Der cent chronologically, partly re f lec t  t h i s  
trade expansion. 
reduction i n  the rate of growth of telex t r a f f i c  t o  25 per cent. 
The return t o  a rate of increase of telex traffic of 54 per cent i n  
1959 is  coincident with the resumption of a rapid rate of growth of 

intercontinental comztoaity trade. The data fo r  1960-1962, however, 
seem t o  show a somewhat smaller rate of increase of telex t r a f f i c  
than  might have been predicted from the rate of increase of trade. 

In spi te  of a strong increase i n  t rade  during 1960, telex t r a f f i c  
increased only 35 per cent. 
consonant w i t h  the relationship between trade and telex grouth rates 
f o r  the period through 1959. 
slipped s t i l l  further t o  32 per cent i n  1961, although t h i s  is a 
f a i r l y  small reduction when the trade recession of 1961 is  considered. 
These year-to-year rates of increase appl j  t o  the t o t a l  number of 
chargeable minutes of telex transmission. A comparable s t a t i s t i c  for  
1962 is not available, but rates of increase of total revenue derived 
fron telex transx5ssion and rates of increase of the t o t a l  n u b e r  of 

chargeable minutes of transnission are quite similar, and the rate of 
increase of telex revenue i n  1962 was ori~y 25 per cent. 

The high rates of increase of te lex t r a f f l c  fo r  these 

The slunq! of trade i n  1958 was accompanied by a 

A rate of 50 per cent wou ld  nave been 

The rate of increase of telex t r a f f i c  

The rate of increase of revenue fron leased l ine  service has 

been more a e r a t e  but is  s t i l l  greatly i n  excess of the rate of 
growth of message telegraph t ra f f ic .  
average rate of growth of leased l ine  revenue was 11.6 per cent per 

year. I n  the period 1951-1956 leased l ine  revenue increased at the 
average annual rate of 22.3 per cent. 
growth of leased channel revenues between these two periods is  due 
i n  part  t o  the cancellation of certain leases by the  government 
during 1960. 
i t s  leased l ine  traffic fron circuits offered by the telegraph 
carr iers  t o  c i rcu i t s  derived from the transoceanic telephone cables. 

In the period 1956-1962, the 

The difference i n  the rate of 

During t h i s  year the governiint transferred niost of 
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Ignoring the revenue changes during 1960, leased l ine  revenue 
increased a t  the average yearly rate of 16.4 per cent. 

* 

In large part, the  growth of telegraph carr ier  revenues are 
attributable t o  the growth of telex and leased l ine  revenue. 
increase of nearly $20 million i n  revenues from telex and leased 

l ine  services w a s  about half of the increase of t o t a l  operating 
income reported by U.S. international telegraph carriers during the 
last ten  years. 
t o t a l  message service revenue, and the number of c i rcu i t s  used for  
telex service i s  apparently a similar proportion of the  number of 
c i rcui ts  available for  message t r a f f i c .  

The 

Telex and leased l i ne  revenue is  now 35 per cent of 

The estimates of the present world distribution of telex t r a f f i c  
i n  Table 8 are derived from ITU figures f o r  numbers of revenue minutes 
of incoming and outgoing telex t r a f f i c  during January 1962. In addi- 

t ion t o  the usual errors of reporting there is  a problem of potential  
bias connected w i t h  differences i n  the pattern of seasonal variation 
in  te lex t ra f f ic .  According t o  these estimates, the global distribu- 
t ion of telex t r a f f i c  i s  somewhat similar t o  tne distribution of 
message telegraph t ra f f ic ,  although certain areas of the world nave 
not yet been provided with telex service comparable i n  quality t o  
telegraph service. About 63 per cent of a l l  overseas te lex t r a f f i c  
involves North America, 57 per cent being incorning or  outgoing 
t ra f f ic  from the United States. The North Atlantic l ink  handles 

nearly one-third (32 per cent) of a l l  t r a f f i c .  
Europe accounts for  about 64 per cent of t o t a l  overseas t ra f f ic ,  and 
t raff ic  not involving ei ther  North America or  Europe i s  only about 
7 Der cent of a l l  t r a f f i c .  Next t o  t i e  North Atlantic l ink  i n  
importance i s  the l ink  between North America and Japan, w i t h  over 
16 per cent of t o t a l  overseas t r a f f i c .  

Traffic t o  and from 

Japan handles a larger volume 
of te lex t r a f f i c  than any 
with about 30 per cent of 
or terminating i n  JaDan. 

* 
A geometric mean. 

other country except the United States, 
a l l  telex messages ei ther  originating in  
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F r o m  the point of view of revenue, the remaining record services 
are of l i t t l e  iqor tance  to the U.S. international telegreph carriers.  
A smll traffic i n  facsimile transmission exists,  but it has grown 
slowly. However, such transmission has been at  very s l o w  speeds 

because of the narrow bandwidth of the standard 60 e m  telegraph 
channel. 
not be characteristics of a future i n  which high speed facsimile 
transmission is possible. Slow speed data transmission hzs been 
offered i n  conjunction with telex services f o r  sone t h e .  

syed (1,500 wpm) service on an Overseas basis was not inaugurated 
u n t i l  September 1962, when a datatelex c i rcu i t  with a capacity of 

1,500 wpm (1,200 bits/sec) was  inaugurated across the North Atlantic. 
There is  every reason t o  believe that t h e  deman6 f o r  hi&-speed data 

transmission w i l l  grow rapidly during the next decade. Rapid growth 
i n  th i s  market may be expected to  offset  t o  som extent the decline 
i n  the rate of growth of conventional telex t r a f f i c  so that band- 

width requirements for  record services may be growing as rapidly as 

the  requirements for  overseas voice connrmnication by the late 1960s. 
Revenue from telex, datatelex, facsimile, and leased l ine  markets 
seems l ikely t o  exceed the  revenue derived from message telegraph 
after 1965-1966. For the ent i re  period 1962-1970 it seems doubtful 
tha t  the average yearly increase i n  record t r a f f i c  (and hence band- 
width requirements) will exceed 12 per cent. 
based on the assumption that telex and datatelex t r a f f i c  growth w i l l  

continue a t  rates of not less than 20-25 per cent. It seems likely,  
therefore, that the relative importance of the message telephone 
market with respect t o  future bandwidth requirements will continue 
t o  increase. 

The current insignificance of facsimile transmission need 

High 

This prediction is  
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IV. "I3 GROiJTH OF 'ME MARI(ET FOR CONVEWTIONAL 
TEL;ECObMUNICKCIONS SERVICES T" 1970 

The set of estimates of cawcity requirements for  1970 presented 
i n  Table 1 rest on the following general assumptions. 
time before 1-0 overseas telecommunications f a c i l i t i e s  will be con- 
structed in  such quantity that waiting t i m e  on service t o  overseas 
points w i l l  not be grossly i n  excess of waiting time on t o l l  c i rcu i t s  
within the continental United States. Second, the network of direct  
overseas telephone links w i l l  be approximately as dense as the present 
netvork of direct  overseas tele<gaph links. 
re la t ive y i c e  of telecomrrmnications services w i l l .  continue t o  decline 
at the rate of one or two  per cent per year. 
what less s t r i c t  assumptions about service w a l i t y  and density of the  
tele9hone network are examined below. 

a substantial reduction i n  the relat ive price of telecomunications 
services is beyond the scope of t h i s  1.lernorandum. 

First, some 

Third, the change i n  the 

The i q l i c a t i o n s  of some- 

The question of the effect  of 

The estimates of t h i s  section do not include estimates of the 
capacity that  might be required for broadcast or  conference te lef is ion 
on overseas links or  for facsimile transmission of overseas mail. 
These m k e t s  w i l l  be treated i n  Section V. 

There i s  no generally satisfactory method of converting figures 
for  nmber of messages into numbers of c i rcu i t s  required even when a 
given quality of service i s  assumed. 
t o  many things: 
i s  chiefly related t o  the time difference between the two points of 
the  link); the proportion of station ca l l s  t o  person-to-person calls; 
the adequacy o f  domestLc svitching fac i l i t i es ;  and the type of switch- 
board service (direct  dialing, direct  operator dialing, operator- 
operator service, ana so on). 
conversion f a c t o r s  should be viewed with the above warning i n  mind. 

The conversion factor is sensitive 
the time distribution of demand over the day (which 

The following attempts t o  provide such 
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For a time distribution of demand similar t o  that observed for 
transatlantic traffic,  telephone service of a Quality associated w i t h  

an averam queueing period (qpeues d u r i n g  peak periada w i l l  be con- 
siderably longer) of about 15-20 nintrtes can be obtained w i t h  a trafYlc 
load of f r o m  30 t o  35 ca l l s  per day (9,OOO t o  10,500 per year)* per 
full-time voice c i rcu i t  if the circuits are of cable qualiw in terms 
of signal-to-noise rat io .  The average length of message is assumed 

t o  be 7-l/2 minutes. 
something l ike domestic quali ty (close t o  zero average waiting time) 
could be obtained with a load of 20-25 ca l l s  per circuit .  
figure is somewhat uncertain i n  that the increase in demand associated 
with improvement of c i rcui t  quality t o  domestic standard8 is not eUb3ect 

t o  precise estimation. 
t r a f f i c  i s  25 calls per circui t  per business day w i t h  direct uperatar 
dialing (estimated as equivalent t o  21-23 ca l l s  per day w i t h  present 
techniques). 

' 

For the sane time pattern of d d ,  service of 

The latter 

The target set  by A!Wl! for  transatlantic 

These figures represent something of an average value for  t r a f f i c  
density figures considered f o r  all overseas links involving the U n i t e d  

States when a h i@ quality of service is assumed. 
such as Puerto Rico and H a w a i i  can be maintained a t  a quaUty approach- 
ing that  for domestic links with sanewhat higher load fadurs, perhaps 

30 ca l l s  per day per circuit ,  because of the greater overlap of busi- 

ness hours with the continental United States. Service t o  Japan with 

negligible average waiting time w i l l  be assumed t o  require a load 
factor of approximately 20 calls per day because of the time differences 
involved. 
excellent service on h t i n  American Unks may not be possible because 

Service t o  points 

Despite the absence of a significant time differential ,  

of deficiencies i n  
over the time span 

local trunk capacities that are l ikely t o  persist 
of t h i s  forecast. 

*zstFmated on the basis of 300 f U l l l r t i m e  traffic-days i n  a year. 
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I 

FORECASTS OF D E " D  IJY O l E R S U S  ROUTE 

Transatlantic Traffic InvolTring the UnLted States 

The assumptions behind the estimates of capacity requirenents 
for  telecommunications between the United States and W o p e  are reason- 
ably straightforward. 
1951-1962 the trend i n  the annual rate of increase of the number of 

telephone messages between the United States and European points was 

about 17 per cent. From 1953, the  final year of the Post-Korean war 
trade recession, t o  1961, a year of relatively l i t t l e  growth i n  trans- 
a t l a n t i c  trade, the annual rate of increase i n  the number of telephone 
messages over these routes averaged nearly 20 per cent. 
of t r a f f i c  increase is desired that is  suitable for  extrapolation, 
several additional factors must be taken into consideration. 
the average length of message has been increasing. Second, the quality 
of service has improved, with respect t o  both waiting times and qyality 

of signal. 
increase of revenue was over 24 per cent per year, i q d y i n g  an average 
rate of increase i n  length of message of some 4 per cent per year. 
Nuch o f t h i s  increase i n  messaGe length can be attr ibuted t o  the once- 
and-for-all effect  of t he  changeover from HE' radiotelephone c i rcu i t s  
t o  cable circuits.  
increase i n  length of message has been on the order of 2 per cent yer 

year. 

During the trade peak-to-trade peak 9eriod 

Since a rate 

First, 

During the 2eriod 1953-1961 the trend or "normal" rate of 

Ignoring these increases, the "normal" ra te  of 

The inpor tace  of the reduction i n  average waiting t i m e  i s  more 
diff icul t  t o  estimate quantitatively. On the basis of examination of 

customer response t o  the reduction of waiting tine on circui ts  t o  the 
United Kingdo3 i n  the year following completion of TAT-1 and the 
response on circui ts  t o  France and Germany following instal la t ion of 
TAT-2, it appears that some 20-30 per cent of the increase in  the 
number of transatlantic telephone messages i n  the period 1956-1960 
can be attributed t o  the reduction of waiting time. 

* 
After adjustment 

* 
The reduction i n  queueing time during t h i s  time period for  most 

transatlantic c i rcui ts  wi?8 on the order of 25-30 minutes. Custamer 
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for the response t o  the reduction of waiting time, the long-tern ra te  
of increase of the number of  telephone messages between the United 
States and Europe calculated for .the 1953-1961 trade period is 16-17 
per cent, 
1962 trade period yields a "normal" growth rate of 14-15 per cent per 
year. l?hen the 2 per cent average rate of increase of message length 
is taken into account, the estimates of the long-run "normal" annual 
rate of increase of t r a f f i c  calculated fo r  the periods 1951-1962 and 
1953-1%1 are 16-17 per cent and 18-19 per cent respectively. 

The same adjustment of the trend estimated for the 191- 

~ssuming t r a f f i c  growth at the average annual rate of 16-19 per 
cent, and assuming that the current wty of serVice is mslntalned, 
the estimated demand for transatlantic telephone messages i n  1970 is 
4.8-5.9 million "messages. I' 

message refers t o  the presumption that the average length of actual  
messages w i l l  continue t o  increase, the above calculation being Stated 
i n  terms of message units or "messages" of 7-1/2 minutes, the cument 
average length of transatlantic telephone conversations. 

The distinction between "message"  and 

Since the quality of service obtainable a t  present is achieved 
w i t h  t r a f f i c  density figures of something l ike  30-32 c a l l s  per d8y 

or  gOOG96OO cus per year per W - t i m e  circuit ,  the capacity require- 
ment for  message telephone service i m p l i e d  by the estimated demand of 
4.8-5.9 n i l l i on  is about 500-650 voice trunks. If average 
vai t ingt ime is reducedto one or two minutes -- a reduction of same 
10-20 minutes on most circui ts  -- the qxmtity of telephone service 
demanded is l ikely t o  increase an additional 10-20 per cent. Since 
this higher quality service can be achieved only through reduction 
of t r a f f i c  density t o  about 25 calls per circuit  per day or 7500 ca l l s  
per year, the capacity requirement e s t a t e s  are increased t o  700-950 
voice trunks. 

response over those routes affected by the construction of the sub- 
marine cables TAT-1 a.nd TAT-2 suggests that  the number of messages 
w i l l  increase 8-10 per cent for  every ten minute reduction i n  average 
waiting time, 
flow before the switch f'rom HF radiotelephone t o  cable f ac i l i t i e s  w i t h  
t r a m e  flow imediately following the changeover. 

The latter estimate was obtained by canparing t r a f f i c  
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The estimate that  the t o t a l  capacity requirements for transatlantic 
record services i s  l i k e l y  t o  be equivalent t o  some 60-80 3 kc voice 
channels is based on the followinG assumptions: message telegraph 
demnd w i l l  increase at  the average ra te  of 1-2 per cent per year; 
leased l ine d d  will increase a t  the ra te  of 15 per cent per year; 
and telex and datatelex demand will increase at the average annual 
r a t e  of 20-30 per cent. 

The estimate o f  government demand for leased circui ts  results 
fYom l i t t l e  more than the need t o  f i l l  an empty box. 
1962 the government was leasing 28-1/2 voice channels derived from 
the  transatlantic telephone cables. 
nilitaxpoperated radiotelephone circui ts  t o  cable c i rcui ts  of a 
higher grade continues, the estimate of 64-96 voice channels t o  be 
required by the government does not seem unreasonable. 
underlying assumptions about the price of leased bandwidth and Quality 
of message telephone service it does not seem l ikely that a signifi- 
cant demand for leased telephone channels on transatlantic routes will 
a r i se  from private business. 

A t  the end of 

If the policy of switching from 

Given the 

Transpac i f ic  Traffic Involving the United States 

The capacity requirements for transpacific t r a f f i c  can be esti- 
mated with considerably less confidence than for transatlantic t ra f f ic .  
One major uncertainty is the extent t o  which voice communication can 
substitute for duplex record communication. For -le, given the 

characteristic quality of signal on HF radiotelephone circuits,  
Americans have apparently had much diff icul ty  i n  understanding the 
heavily accented English that is often c h r a c t e r i s t i c  of Japanese 
who have not had language training abroad. 

te lex t ra f f ic  t o  Japan has grown so much mre rapidly than telephone 
t r a f f i c .  
today than during the Korean War peak. 

number of U.S. military personnel stationed i n  the Far East was sub- 
s tan t ia l  during t h i s  period there is no growth rate t o  be obtained 

This i s  one reason why 

Message t r a f f i c  t o  Japan is considerably less i n  volume 
Since the reduction of the 
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f r o m  examination of the records of the past decade that cas be des- 

cribed as of much relevance t o  predictions of the future. 

The growth prospects for the various transpacific routes appear 

t o  be quite dif'ferent. 
link between the Urulted States and A u s t r a l i a - N e w  Zealand is obtained 

frm the following assumptions. 
to A u s t r a l i a  i s  now about 25 minutes, iqrovement in m t y  of ser- 
vice is likely to induce an increase of from 20 per cent t o  40 per 
cent in  the number of messages &?mended. In addition, the average 
length of message is likely t o  increase by about 20 per cent as a 
result of improvement of the signal-to-noise ratio.  
is  assumed t o  be of the current average length, the nuuiber of "messages" 
demanded is likely t o  increase by sme 45-70 per cent as a result 
of the reduction of waiting time and improvement of Wty of signal. 

Further assuming a "normal" yearly rate of increase of t r a f f i c  (paid 
minutes) of 14-16 per cent, the 1970 t r a f f i c  volume will t o t a l  soms 
135,000-180,OoO "messages." The quality of service assumed i n  t h i s  

projection is presumed obtainable w i t h  a traff ' ic load of about 6OOO 
c a l l s  per year per channel, a low f igure  that ref lects  the extreme 
t i m e  different ia l  between the United States and Australia. The 

channel requirement for nessage telephone service in 1970 therefore 
reduces t o  SOBE 23-30 voice channels. Since it is doubtf'ul that the 
number of channels demanded by the telegraph carriers could exceed 8 

t o t a l  of 4-5 voice channel equivalents, the aggregate capacity require- 
ment fram the United States t o  A u s t r a l i a - N e w  ZeaLand is about 30-35 
voice channels. 

The estimated cha.nnelrequirement for the 

Since average waitingtime on circui ts  

If a "message" 

* 

Perhaps the least predictable submarket is that between the 
United States and the Far East. 
between the U n i t e d  States and J a m  actually declined in the period 
1953-1961. 

The mrmber of telephone messages 

The reduction of the nuniber of U.S. military personnel 

* 
The long-term trend i n  the rate of grcowth of the number of tele- 

t o  A u s t r a l i a - N e w  Zealand calculated for the trade period 
12 per cent. The trend calculated for 153-1961 

is about 13 per cent. 



i n  Japan is  an important factor behind t h i s  decline. Since average 
waiting time on circui ts  t o  Japan i s  now on the order of 35 minutes 
and since these circuits are obtained from HF radiotelephone fac i l i -  

ties, the combined effect  of reduction i n  waiting time and improvement 
i n  signal cpality could be a once-and-for-all increase of some 50-70 

per cent in  the  volume of t ra f f ic .  Rwther assuming a 6-10 per cent 
per year "normal" ra te  of increase of t ra f f ic ,  the volume of telephone 

t r a f f i c  t o  Japan i n  1970 v i l l  t o t a l  sane 200,000 t o  330,000 messages. 
To obtain the quality of service assumed i n  these estimates, a t r a f f i c  
load factor of some 20 ca l l s  per day per t- or 6Ooo per year is 
assumed. The c a p c i t y  requirements for message telephone service 
between the United States and Japan i n  1970 are thus estimated as 
being 33-55 voice trunks. 

The estimates of the capacity required t o  acccinmodate the demand 

for telephone service t o  other East Asian points are scaled t o  the 
estimates of t r a f f i c  t o  Japan. 

of telephone messages between the United States and East Asia is now 
accounted for  by the t r a f f i c  t o  points other than Japan. The average 
yearly rate of increase of the nurnber of messages t o  such points over 
the period 1951-1962 has been about 5 per cent. 
these circuits i n  1962 were quite long: 
45 minutes t o  Korea; and 45 minutes t o  OMnawa. 
cent increase i n  t r a f f i c  as a result of improvement of W i t y  of 
signal and reduction of xaiting time and a 6-10 per cent "normal" 
yearly rate of increase of t r a f f i c  (paid minutes), the demand for  
telephone service t o  points i n  the Far East other than J a m  w i l l  be 
such as t o  require some 32-53 voice trunks. 

Approximately half of the t o t a l  number 

Waiting times on 
50 minutes t o  the Philippines; 

Assuming a 50-70 per 

The capacity required for  record services t o  the Fax East i n  
1970 is suite problematical. 
phone service is l ikely t o  depress the  rate of growth of te lex t r a f f i c  
t o  this area somewhat, but the language problems wi l l  continue t o  
inh ib i t  the use of voice communication. 
mt of amarket for  datatelex transmission between the United States 
and Japan, the capacity rewrements  fo r  record transmission t o  the 

The provision of higher-quality tele- 

Assuming the rapid develop- 
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Far East w i l l  be about one-fourth or one-fifth of the t o t a l  require- 
ments for voice communications, o r  sone 17-23 voice dhannel equivalents. 

Government demand is very diff icul t  t o  predict. A t  one t i m e  the 
militzry planned t o  lease 35 chanuels i n  a cable fmm Guam t o  Obinawa, 
but t'ne plans for t h i s  cable have been postponed Fndef'initely. Govern- 
ment demand for leased channels on the cable w e s t  of Hawaii are aemumd 

t o  t o t d .  48-64 channels. 

The future capacity requirements for message telephone service 
between the continental U n i t e d  States and H a w a i i  can probably be pre- 

dicted with less error than those for the other transpacific links. 
The regression estimates of the average rate  of grarth of the  number 
of telephone messages between the continental U n i t e d  States and Hawaii 
f o r  the trade periods 1951-1962 and 193-1961 are about 19 per cent 
and 21 per cent respectively. 
over these periods is not available, but i f  the regressions are 

adjusted t o  e l - i t e  the effect  of the increase i n  t r a f f i c  i n  the 

year following the coanpletion of the Hawaiian cable, the estimates 
of the "normal" annual ra te  of increase of the number of messages are 

reduced t o  16-17 per cent for the period 1951-1962 and 17-18 per cent 
for the period 1953-1961. 
length of message is taken irrto account, the "nom" increase i n  
t r a f f k  appears t o  be on the order of 18-20 per cent. 

Data on the reduction of waiting time 

When the trend in  the snrnral increase in 

Projecting 1962 t r a f f i c  figures a t  18-20 per cent gives an esti- 
mate of the nuxiber of telephone "messages" t o  Hawaii i n  190 on the 
order of 2.5-3.0 million. 
t i c  of Hawaiian t r a f f i c  is obtained with a t r a f f i c  density i n  excess 
of 30 calls per aaJr per trunk. If waiting time is t o  be reduced t o  
the standard assumed here the traffic load must be somewhat lower, 

perhaps 28 calls per day per trunk or  8400 ca l l s  per tnuik per yeax. 

Assuming that this improvement i n  quality of service would lead t o  a 
further increase i n  traffic of some 10 per cent, the capacity r e p i r e -  
ment for message telephone service t o  H a w a i i  w i l l  be between 325 and 

390 voice trunks i n  190. 

The quality of service at present characteris- 
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The capacity requirements for  record services between H a w a i i  and 
the mainland are l ikely t o  be less  important re la t ive t o  the require- 
ments for voice cormrmnication than for most of the overseas links 

involving the United States. 
form of a demand for leased record circuits,  t o t a l  record teleconnwni- 
cation requirements being estimated at  no more than 15-20 voice channel 
equivalents. 

The bulk of th i s  w i l l  probably take the 

U.S. Traffic t o  the Caribbean and South America 

Since 1950, telephone message volumes t o  the various countries 
of this area have grown a t  exceedingly diverse rates. The average 
rates  of growth vary by country from a high of over 25 per cent per 

year for  Puerto Rico t o  a low of less than 2 per cent for Brazil. 
The rates  of increase are inversely related t o  the distance f r o m  the 
United States. 
the average yearly ra te  of 24-25 per cent. 
American countries other than Panama has increased at soanething more 
than 10 per cent per year. 

and Ecuador has increased a t  the average yearly rate of slightly mare 
than 6 per cent, and t r a f f i c  t o  the remaining countries of S o u t h  

America has increased at  the rate of only 4 per cent per year. These 
differences ref lect  the fact  that the rate of growth of trade between 
the United States and the Caribbean nations is considerably higher 
than the rate of growth of trade between the U n i t e d  States and the 

remaining countries, as w e l l  as the great increase of tour i s t  t ra f f ic  
concentrated i n  the islands of the Caribbean. 

3- 

Traffic t o  Puerto Rico and Jamaica bas increased at 
I’raffic t o  the Central 

Traffic t o  Panama, Colombia, Venezuela, 

Althorn the relat ive pattern of growth of telecommunications 
t r a f f i c  between the U n i t e d  States and the various overseas points of 
t h i s  hemisphere is likely t o  be maintained i n  the future, the absolute 
growth rates characteristic of t r a f f i c  t o  maqy of these countries 
ref lect  certain conditions that may not or need not hold t rue i n  the 

* 
For purposes of th i s  discussion the Caribbean t r a f f i c  area is  

defined t o  exclude Berrauda, Cuba, and the Bahsmas because of the short 
distances involved. 
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f'uture. 
t r a f f i c  between the United States and Sou& America has been the 

slump i n  the overseas camnoclity trade of the South American countries 

that has persisted since the end of the Korean W a r .  The growth of 
telecaamunicatims t r a f f i c  has also been held back by the CrOwdiDg 

of overseas and daorestic circuits.  
communications networks i n  these countries is as essential as the 
increasing of capacity on overseaa unks i f  higher @ty overseats 

s d c e  is  t o  be made available. However, there seems no reason t o  
assume that the pace of economic growth i n  I s t i n  America will drrppati- 

caUy accelerate in the coming decade, nor i s  there reason t o  believe! 
that tourism t o  South America is l lkely t o  grow at a very hl@ rate. 
The his tor ical  rates of growth of telecammunications trafFic t o  rimy 

points i n  this area do seem soslewhat low for the purposes of extrspola- 
tion, but the fact  that they have been low i n  the past reflects csr t s ia  
conti& facts  about the growth potential of this market. 

Part of the reason for the very law rates of increase of 

Iarproveapent of the damestic tele- 

In  the absence of unexlpected im_l?rwenaents of internal telecau- 

munications systems or unexpectedly hi@ rates of growth of &put, 

it does not seem likely that the long-term "narmsl" rate of increase 
of telephone t r a f f i c  t o  the countries of central  and sautbern Soukh 

America will exceed 6-8 per cent. 
180,000 t o  220,OOO telephone meewes between the United States and 
these countries i n  1970. 
of service. 
now quite high -- 25-30 minutes -- a substantial respcmse t o  improve- 

ment of Quality of service t o  the levels assumed in  t h i s  Memorandum 
am be expected. Assuming a 20 per cent increase i n  average length 

of message because of improvement i n  signal wty and an increase 
i n  the nlrmber of messages of 50-65 per cent BB a result of reduction 
of wait ing t i m e  on overseas - and dmestic circuits,  the potential 
demand for message telephone service of high quality t o  t h i s  ama in 
190 is about 320,OOO t o  450,000 "messages." W i t h  a trafYic density 
target of 25 c s l l s  per circui t  per 

This implies a to ta l  of s6me 

This estimate presumes no change in quality 
Since waiting times on the c i rcu i t s  to these pointa are 

B r  7500 per year, the estiBlated 
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capacity remrement for message telephone service reduces t o  about 
40-60 voice channels. 

The growth prospects for the market for telecwmunications ser- 
vices between the  United States and the countries of Central America 
and northern South America a re  somewhat brighter than the market 
prospects f o r  telecommunications t o  the other South American countries. 
The average waiting time on circui ts  t o  these countries was very high 

i n  1962 -- 35 minutes t o  Venezuela, 55 minutes t o  Colombia, and 60 
minutes t o  Panama. It does not seem unreasonable, therefore, t o  
assume aa increase of traffic volume of 80-100 per cent t o  Colombia 
and Panama and an increase of 60-80 per cent i n  traffic t o  Venezuela 
and Central America i n  response t o  the improvement of quality of 
service. 
increase of t ra f f ic ,  the t o t a l  volume of telephone traffic t o  this 

area will be some 660,000 t o  l,O7O,OOO messages i n  1970. 
density target of 25 calls per day per trunk the t o t a l  capacity 
requirement becomes 9-145 voice channels. 

Fw;cther assuming an 8-12 per cent long-term yearly ra te  of 

For a t r a f f i c  

The most rapid r a t e  of growth of telecomunications t r a f f i c  
between the United States and overseas points i n  the western hemisphere 
w i l l  almost certainly continue t o  occur over certain of the routes 
between the United States and the Cwibbean islands, 

estimates of the average annual rate of growth of telephone message 
volume t o  Puerto Rico for  the periods 1951-1962 and 1953-1961 are  
24.6 per cent and 24.7 per cent respectively. 
recomputed so as t o  eliminate the effect  o f t h e  t r a f f i c  increase i n  
1960, the yeaz following the introduction of cable service t o  Puerto 
Rico, the estimates of the "n0ma.l" rates of increase of the number 
of telephone messages are 21-22 per cent and 19-21 per cent f o r  these 
two trade periods. 
trend and assuming an annual rate of increase of message length of 
2 per cent, the volume of telephone t r a f f i c  t o  Puerto Rico w i l l  increase 
at the rate of 21-24 per cent per year. 
increase of t r a f f i c  t o  Jamaica can be expected. 

Regression 

If the repessions are 

Accepting these figures as estimates of the future 

A very similar ra te  of 
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I- Extrapolating the current volume of b r t o  Rican t r a f f i c  at the 
annual ra te  of 21-24 per cent and assuming that improvement of qualiw 

of service would lead t o  a 5-10 per cent increase i n  t ra f f ic ,  the 
estimate of the volume of telephone t r a f f i c  between the United States 

and Fuerto Rico is 3.0-3.8 million "messages. It 
30 ca l l s  per 
requirement implied by this  denand estimate i s  330-420 voice trunks. 

Given the ta rget  of 
or 9ooo c a l l s  per year per t-, the capacity 

Traf2ic Between the U n i t e d  States and Other Areas and R.a f f ic  Not 
Involving the U n i t e d  States 

Traffic t o  Africa, the Middle East, and South Asia totalled sane 

1.5 per cent of all overseas telephone t r a f f i c  involving the U n i t e d  
States and about 10 per cent of t o t a l  message telegraph t r a f f i c  t o  
and ~TSramthe United States. 
€iawai i  or the Caribbean area is excluded, the relevant ra t ios  are 

about 2.6 per cent and ll per cent respectively. 
c i rcu i t s  t o  most points i n  these regions has placed a s- con- 
s t ra in t  on the growth of message telephone t r a f f i c  and has provided 
some stimulus t o  the growth of message telegraph service. 
re la t ive attractiveness of record and voice crmsmmication t o  these 
areas were the same as on the transatlantic routes, perhaps as much 
as 4-5 per cent of United States overseas telephone traff 'ic ( t ra f f ic  
t o  H a w a i i  and the Caribbean excluded) would be directed t o  Af'rican, 
Niddle Eastern, and South Asian routes by 190. 
the t o t a l  capacity requirement for message telephone sarvice t o  these 

areas i n  190 will be 35-55 voice channels. 

If t ra f f ic  between the United States and 

The lack of direct 

If the 

Under t h i s  assl;rpIptian 

Limitations on the availability of data require a similarly raugh 
basis of estimation of the capacity required t o  accammdate the demand 
f o r  overseas telephone service not involving the United States. 
ing t r a f f i c  t o  Hawaii and the Caribbean islands the volume of U.S. 
overseas telephone t r a f f i c  i n  1970 is estimated at 7.0-9.8 miuion 
messages. 
sages not involving the United States can be estimated somewhere between 
31 and 40 per cent of the total volume of overseas t r a f f i c  if the 

Exclud- 

I n  Table 5 it was noted that the number of telephone mes- 
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t r a f f i c  from the continental. United States t o  H a w a i i  and the Caribbean 
area i s  excluded. These figures apply t o  1960. The upper estimate is 
the rat io  calculated fromthe traffic estimates prepared by E. M. 

Flinn. The lower estimate is the r a t i o  calculated from the revision 
of Flinn's estimates which was described i n  Section 111. If the dis- 

tribution of world t r a f f i c  i n  1970 should prove t o  be the same 
as i n  1960, the total number of overseas telephone messages i n  
19'70 not involving the United States would be about 4.6-6.5 million 
or 3.2-4.5 million depending upon whether the original or revised 
version of Flinn's estimates is  accepted. 

However, it is  quite possible that  the volume of telephone t r a f f i c  
not involving the United States w i l l  increase somewhat more rapidly 

than the volume of U.S. t ra f f ic .  
over routes not involving the United States is more likely t o  be pro- 
vided by indirect Circuit6 than is senrice t o  the U n i t e d  States. "he 

number of telephones is  increasing more rapidly i n  many foreign coun- 
t r i e s  than i n  the United States. 
quality were t o  be provided between most foreign points that are  now 
linked w i t h  direct telegraph circuits,  it seems quite reasonable t o  
conclude that there would be a shift from telegraph t o  telephone 
service and that the differences i n  the patterns of distribution of 
telephone and telegraph t r a f f i c  over the world would tend t o  diminish. 

The fact  that about 50 per cent of w o r l d  telegraph t r a f f i c  does not 
now involve the United States, whereas only 31-40 per cent of telephone 
t r a f f i c  is so routed, is at least par t ia l ly  the result of differences 
i n  the relative quality of voice and record services on foreign links 
es compared with links t o  the United States. Given substantial 
improvements of qyality of telephone service over links between foreign 
points, it is  possible that the r a t io  of the number of overseas tele- 
phone mescsages over foreign links t o  the t o t a l  number of all overseas 
telephone messages (U.S. t r a f f i c  t o  H a w a i i  and the Caribbean excluded) 
w i l l  increase from .40 t o  .43 or .42 (given Flinn's original estimates) 
or from .3l to .35 or .33 (given the revised version of Flinn's esti- 
mates). The extent t o  which the proportion of overseas t r a f f i c  

A t  the moment, telephone service 

If telephone service of excellent 
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involving the U n i t e d  States t o  all overseas t r a f f i c  can be expect& 
to decline depends upon whether the upper or lower estimates of to ta l  
U.S. overseas t r a f f i c  are accepted. 
t r a f f i c  is assumed, the lower e s t a t e  of the proportion of foreign 
t r a f f i c  t o  to t a l  traffic is relevant. 

If the hi&- figum for U.S. 

On the basis of these assumptions tis t o  the r a t io  of foreign 
t r a f f i c  t o  t o t a l  world traff'ic, the volun~ of telephone messages i n  
190 not involving the United States will be about 5.3-7.1 m i l l i o n  

or 3.8-4.8 million messsges. 
Flinn's or iginal  estimates of the volume of overseas telephone traflKc 
i n  1960. The second estimate corresponds t o  the revised version of 
h is  e s t a t e s .  Assuming that the tra.ffic deneity over these routes 
that is compatible w i t h  the assumption of very low ave- Waiting 
times averages 25 messages per day or 7500 messsgee per year per 
trunk, the capacity requirement implied by the above estinatae of 
potential t r a f f i c  is 700-950 or 500-650 voice trunks. Since it BCCPBB 

biglily likely that Flinn's original estlnmtes of trsfpic over certain 
foreign routes are to0 high, the smaller e e t  of potential requirsments 
seems the mre defensible and is used 88 the estimate in Table 1. 

The first estimate corresponds t o  
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V. THE D F 2 W  FOR BROADBAND C " E I S  

For purposes of this discussion, a "broadband channel" is a 
channel of greater bandwidth than required for one cable voice channel. 
"High-speed transmission" is transmission of information at a time 
rate in excess of that currently possible over the bandwidth of one 
cable voice channel. 

The estimates in Table 1 include the requirements of alltele- 
cammunieations services other than television transmission and com- 
mercial demands for channels of a bandwidth in excess of one cable 
voice channel. With respect to these excluded markets, it is estimated 
first that the commercial demand for brozdband channels in 19'70 w i l l  

be negligible; and second, that the effective demand for television 
transmission in 19'70 will not warrant the provision of this service 
on routes other than the North America-Europe and North America- 
Hawaii links. 
television transmission over these routes will be sufficient to warrant 
the supply of this service except on an off-peak basis. 

F'urther, it is doubtful that the effective demand for 

The conclusion that the commercial demand for broadband channels 
will not prove to be of significance in lg'l0 is consistent with the 
widely held presunrption that the volume of overseas transmission of 
business data w i l l  increase dramatically as the facilities for such 
communication are improved. A substantial market for record trans- 
mission at rates from 600 to 2400 bits per second or 750 to 3000 words 
per minute w i l l  undoubtedly develop by 19'70. 
such traffic is classified as "high-speed" data transmission, but the 
bandwidth required for transmission at these time rates is less than 
or equal to one cable voice channel. 
coxnunications needs of the private sector in 1970 that are likely to 
derive from business procedures requiring centralized processing of 
information by computer systems can be accmodated by part-time use 
of datatelex channels derived from a cable voice channel or part-time 
use of a voice channel. The information requirements of the computer 
systems commonly employed by business are such that only the l inking 

By current standards 

In almost all cases the overseas 
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of computers for joint  problem solution would create a rate-of- 
information-flaw requirement that could not be satisfied over one 
voice channel. 

The rate-of-information flow required by customers on domestic 
circuits can ordinarily be expected t o  be higher than the rate of 
flow needed for overseas links, yet the great bulk o f t h e  demand for 
equipment designed t o  translate machine data into transmission code 
is  concentrated i n  the market for  low-capacity equipment. Most of 
the users of AT&T's dataphone systems have acquired the slaw-speed 
(75 b i t s  per second) equipment designed to use the bandwidth of one 
telegraph channel. 
users of overseas telecowmrru 'cations f a c i l i t i e s  re la t ive to domestic 
requirements have apparently led ATW t o  conclude that there w i l l  be 

no effective private demand Tor the overseas equivalent of the broad- 

band channels offered domestically under the Telpak tariff. 

domestic market the bulk of the  deaand f o r  broadband channels now comes 
f r o m  the government. 
per cent of Telpak revenue i n  190 w i l l  come from the gwernmnt. 

The commercial demand Tor Telpak senrices w i l l  come mainly fram indus- 
t r i e s  whose productive process can be characterized as a continuous 
flow. Petroleum refiners, distributors of na tura l  gas, producers and 

distributors of electricity,  and the railroads and a i r l ines  w i l l  

furnish the bulls of the connnercial demand for  domestic broadband 
t e l e c o d c a t i o n  services. 
relevant t o  overseas demand. 

The modest information reqyirements of private 

In the 

A study done for  ATW estimated that some 70 

Onlythe demand by the air l ines  i s  

The conclusion that the commercial demand for  broadband overseas 
channels w i l l  not be significant in  1970 is thus an estimate of the 

form that business demand w i l l  take rather than an estimate that such 
demand w i l l  not grow rapidly. The estimates of the bandwidth l ikely 
t o  be required for record services made i n  the previous section were 
based on the assumption that the revenue derived f'romthe provision 
of record services other than message telegraph w i l l  continue t o  grow 

a t  something l ike  the very high rate observed over the past decade. 
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This assumption i s  i n  turn warranted only under the further presump- 
t ion  tha t  rapid development of the new market for data transmission 
will compensate f o r  the inevitable decline i n  the ra te  of growth of 
overseas te lex t ra f f ic .  

An additional reason for believing that business use of broad- 
band channels is likely t o  be of secondary importance is  the imminence 
of improvements i n  termiml equipment that w i l l  reduce the -width 

required for a given rate of flow of information. 
te lex channel derived *om one cable voice channel provides service 
at  a rate of digital flow of 1200 b i t s  per second or  some 1500 words 

per minute. However, transmission at  a r a t e  of 2400 bi t s  per secmd 
is possible with currently available terminal equipment, and trans- 
mission at  about 5400 b i t s  per second over the bandwidth of one cable 
voice channel has been achieved under laboratory conditions. 
military has expressed a desire for channels t h a t  would permit trans- 
mission at  the rate of 40.8 kilobits per second. 
bandwidth t o  be used t o  provide for such a capability will be equiva- 

lent t o  the 16 voice channels originally assumed or wbether there w i l l  
be a saving of bandwidth througb use of more advanced terminal equip- 
ment i s  uncertain. There is  also the possibil i ty that voice c m d -  
cation w i l l  be digitalized by 1970. From the standpoint of estimates 
of future bandwidth requirements the importance of these technological 
developments is that increases i n  the efficiency of bandwidth use seem 
likely t o  keep up w i t h ,  or perhaps exceed, the increases i n  demand 

for  transmission of information. 
transmission 03 voice communication i n  the form of binary data are 
not likely t o  be commercially feasible within the time span of t h i s  

forecast, improvement i n  the equipment translating machine language 
into tone signals compatible with transmission over the telephone 
network is being carried out a t  the moment. 

A t  present a data- 

The 

Whether or not the 

Although such major changes as the 

The one market development that would to t a l ly  falsify the previous 
conclusions as t o  the telecommunications capacity required for record 
comunication i n  1970 would be the widespread use of facsimile trans- 
mission f o r  distribution of m a i l .  The bandwidth required for 
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teletransrnission of even a small  fkaction of total overseas mail would 

be stibskantially greater than thst required for all other record ser- 
vices. A forecast of the domestic bulk canamrnications market mrtde 
for  A!PW suggests that the revenue derived fram facsimile transmission 
of damestic mail would be on the order of seven and one-half tinrss 

the revenue derived from broadband circui ts  provided to  the private 

sector and mer twice the revenue derived from the provision of 
broadband circui ts  t o  all potential users other thsn the United States 
Post Office i n  1970. 
l lkely that bandw3dth roughly equivalent t o  400 cable voice channels 
would be r e w e d  for  facsimile distribution of overseas mail i f  it 
were t o  prove economically efficient t o  do so. 
improved overseas ainnail service l ikely t o  result f’rcim the introduc- 
t i o n  of cannnercial suprsonic flights and the relatively hi@ coat 
of bandwidth t o  overseas points makes it highly unlikely that a tele- 
comrmnications requirement deriving flwn facsimile distribution of 
oversea8 mail will develop by 1970. 

Given a sFmilar set of a s s ~ i o n s  it seems 

The combination of 

The estimate of 400 voice channels as a potential reqvirement 
fer provision of facsimile transmission of mail is based on the assump- 
t ion  that the rate of gKnrth of overseas airmail i n  the period 1960- 
1970 will be the stme as during the period 1950-1960, and that the 
volume of m a i l  between the united States and foreign points susceptible 
t o  facsimile d i s t r ibu t im  is equal t o  9 per cent of that M a l .  

figure of 9 per cent is the estimate by the Post Office of the prapor- 

t ion of domestic first class d l s u s c e p t i b l e  t o  facsimile distrlbution. 
On these assuxptians same 3O,OOO,OOO pieces of international mail would 
be so distributed. 

each piece of mail is equivalent to  1,000,OOO binary digits for pur- 

poses of facsimile transmission, which implies a total facsimile 
transmission requirement of 30 x loz b i t s  per year. 
a t o t a l  information requirement the bandwidth requirements on particulsr 
links would be highly variable, ranging A.am perhaps 4 t o  400 kc, but 

summing t o  a t o t a l  roughly estimated as equivalent t o  4-00 voice 
channels. 

The 

The previously mentioned forecast assumes that 

Since t h i s  is 

This estimate should not be considered anything but an 
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indication of the order of magnitude of the bmdwtdth required f o r  
overseas facsimile mail, the facsimile distribution and the conversion 
factor relating pieces of m a i l  t o  information requirements both being 

subject t o  question. 

Since it i s  doubtful that domestic mail will be distributed by 
facsimile by 1970 on any but an experimental basis, facsimile dis- 

tribution of foreign m a i l  seems even more doubtful. 
for  domestic facsimile distribution s e t  by the Post Office reqplres 
transmission at a cost of no more than $. 01 per million b i t s .  

ing a rate-of-information flow of 8 x low b i t s  per yeax over a 400 kc 

channel and a maximum acceptable cost of overseas transmission of 

$.Os per million bits,  the maximum acceptable price for the full-time 
lease of such a 400 kc channel i s  $4OO,OOO per year or roughly $k,OOO 
per year per equivalent voice channel. It is highly improbable that 

the cost of bandwidth could be reduced t o  this level within the time 
horizon of this study, and the improvements i n  speed of overseas air- 
mail that  w i l l  come with commercial supersonic aircraft will l ikely 
put a f i rm ceiling on the maximtrm acceptable cost of transmission. 

The specification 

Assum- 

The strength of the demand for overseas transmission of television 
i s  exceedingly d i f f icu l t  t o  predict. 
r eac t ions  of the television networks toward t h i s  eventuality are some- 
what mixed -- interest  i n  the programming that  would be made possible 
with direct transmission offset  by concern over the substantial costs 
of such transmission. 
the netimrlr television oligopoly Rurther intensifies the uncertainties 
as t o  t h e  f'uture o f t h e  market for  this s e m c e .  
i s  that televi,sion w i l l  be transmitted over overseas l i n k s  during peak 

hours only i f  the common costs entailed i n  providing aggregate band- 
w i d t h  are not allocated among the various telecommunications services 
according t o  the i r  bandwidth requirements. 
mission i n  1970 i s  more l ikely t o  be limited t o  transmission during 

off-peak hours and then only i f  the price of the necessary bandwidth 
i s  substantially less  than the price of a f'ull-time o r  peak-time 
lease. 

It can be expected that the  

The rather complex competitive structure of 

The suspicion here 

Overseas television trans- 

Even with the  proviso that television transmission be limited 



t o  hours that are off-peak w i t h  respect to telephone denrand it seems 
l ikely that overseas television transmission w i l l  be confined t o  the 
continental United States-Hawaii and ITarth America-Europe links i n  
1970. 

The basic l imitations t o  the developnent of overseas television 
transmission are the magnitude of intercontinental time differenees, 
the relatively large bandwidth requirement of television transmission, 
and the very cheap and fairly close substitute of airmail videotape. 
Even i f  overseas transnu 'ssion of television w e r e  t o  be available at 
nominal cost the wide t i m e  differentials, together with the network 
desire t o  schedule offerings of w i d e s t  appeal during the prime view- 

ing hours, suggest that  most broadcasts in the U n i t e d  States of mer- 
seas programs would be delayed transmission flvrm abroad or rebroadcasts 

f r o m  videotape. The relatively large bandwidth rewements of tele- 
vision transmission suggest that the cost of transmission w i l l  not be 

trivial. On transcontinental links i n  the United S t a t e s  the price 
of a leased television channel is some twenty-five times the price 
of a leased voice channel, but the costs of the terminal e q u i p n t  

required for channel division is Larger relat ive t o  the costs of 
providing bandwidth on a point-to-point basio for domestic links than 
for overseas links. As a result, the r a t io  o f t h e  price of an over- 

seas television channel t o  an Overseas voice channel is l ikely t o  be 

much larger if the same basis for pricing is used. It should be noted 
in  this connection that the to ta l  revenue of the kmg Lines Department 
of !.TW derived Au>m the transmission of the video portion of com- 
mercial television i n  the United States was only $18 million i n  1961. 
Unless the marginal cost of bandwidth provided by cmmmications 
sa te l l i t es  turns out t o  be considerably less than is anticipated by 
most observers (a,& unless the price of television transmission is 
set  t o  ref lect  marginal costs only) the effective demand for  te le -  
vision i n  1970 w i l l  almost certainly be limited t o  spot-leasing. 

Since the criteria t o  be employed in set t ing one price of overseas 
television transrm 'ssion are unk-nuwn, and since they are subject 
t o  international agreement they are like* t o  remain unknown for 
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some time, the future of overseas television transmission remains 

highly speculative. 

In the very long run the prospects for the development of a 
market for transmission of program television seem less bright than 
the prospects for intercontinental transmission of closed-circuit 
television for purposes other than entertainment. A market for  a 
television conference service analogous t o  the conference service 
now offered telephone subscribers w i l l  presumably develop at some 
t i m e  in the fiture, but it is highly unlikely that this w i l l  occur 

by 190 even for domestic links. 
of demand for this type of service is  its cost. 
domestic point-to-point television transmission on an irregular basis 
has prevented the use of television for Conference purposes by American 
firms, and AT82 does not foresee any cost reductions i n  the near 
f'uture that would permit them t o  offer such a service at terms suffi- 
ciently a t t ract ive t o  encourage substantial business use of television 
for communication. 
c i rcui t  television i n  the foreseeable fiture, there will certainly 
not be an overseas market for conference television by 1970. 

The basic limitation on the growth 
The cost of providing 

If there is no large dmest ic  market for closed- 
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Appendix A 

A SEUXTEB LIST OF REFERENCES To PRE3IOUS RESEARCH ON "E 
MARKGT FOR OVERSEAS !ELEXC84MU"ICATI~S 

1. General discussions of the future size of the market for 
overseas telecammunications are given in the following sources: 

Brinkley, J. R., "The Economics of Space Conmnmications," 
URSI Symposium on Space Connrmnications 'Research (Paris: September 
18-22, 1961) mimeographed; 

Lockheed Aircraft Corporation, Missiles and Space Division, 
Telecommication Satellite Business P l a n n i n g  Study, October 1960; 

Radio Corporation of America, David Sarnoff Research Center, 
Study of Overseas ComPercial Satellite Communications Systems, 
1965-1972, August 1962. 

Meckling, W. E[- and Reiger, S., Commnications Satellites: 
An Introductory Survey of Technology and Economic Promise, The 
RAND Corporation, IiM-2709-NAsA, September 1960; 

Meckling, W. H. and Reiger, S., Economic Aspects of 
cnnamication Satellite Systems, The RAND Corporation, P-2396, 
June 1961. 

2. The forecasts of the common carriers are given in the 
following reports to the Federal Comunications Conrpission: 

American Telephone and Telegraph Company, Frequency Needs 
for Space Conmnmication, Federal Communications Codssion Docket 
No. 11866, June 1960; 

, Report of the Ad Hoc Carrier Coonnittee in 
the Matter of Allocation of Frequency Bands for Space 
CosmUnications, Federal Communications Commission Docket No. 
14024, October 1961. 

3. Among the more interesting studies of the future market 
for overseas telecommunications that have been conducted by 
private industry are: 
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Cable Systems 

Appendix C 

SUBMA= CABLE CAPACITY IN 1965 

u.s.-Europe 
TAT-1 
TAT-2 
TAT-3 (scheduled for October 1963) 
TAT-4 (scheduled for 1965) 

U.S.-Caribbean Points 
U. S . -herto Rico 
U. S . -Virgin Islands ( scheduled for 

1964) 
Virgin Islands-Venezuela 
(scheduled for 1964) 

U. S . -Jamsica-Canal Zone 
U.S.-Pacific Points 

U.S.-Hawaii-1 
U. S. -Hawaii-2 (scheduled for 1964) 

Hawaii-Guam-Japan (scheduled 

Guam-Philippines ( scheduled 
for 1964) 

for 1964) 
Canada-United Kingdom 

TAT-1 
CANTAT 

Canada-Hawaii-New Zealand-Australia 

Malaysia-Hong Kong 

A u s  t ralia-Malaysia 

(scheduled for 1963) 

(scheduled for 1964 or 1965) 

(completion by 1965 uncertain) 

Capacity or Ultimate Capacity 
(number of 3 kc voice channels) 

344 
40 
48 
128 
128 

48 

- 
304 

176 
48 
128 

(128) 

a 
88 

80 - 
80 

80 

80 

Note: 
Figures in parentheses are not included in route totals 

because they refer to channels that do not terminate in the 
continental United States. 

Sources: 
R. T. Nichols, Submarine Cables and International Telecom- 

munications, The RAND Corporation, RM-3472-RC, February 1963, and 
information received fromthe American Telephone and Telegraph 
coMPanY* 
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Appendix B 

AD HOC CARRIER CctdMITTm ESPTMATES OF 1970 CAPACITY 
IEQUIREME3TS FOR CMERSEAS TFJXCC"ICATI0NS 

-- 

R a U t e  

u.s.-Europe 
U . S . -Africa 
U.S.-Near East 
U.S.-West Indies 
U.S.-Central America and Fanama 
U.S.-South America 
U.S.-Hawaii 
U.S.-Asia and Other Pacific Areas 

Total 

Capacity Requirement 
(in voice channels) 

Notes: 

between the United States and the West Indies is 1200 channels, 
but this includes the requirements of traffic to Cuba and the 
Bahamas. The estimate of 700 is introduced as an estimate of 
requirements to Caribbean points other than Cuba and the BahaJpas 
that is consistent with the original estimate of I200 channels 
to a l l  Caribbean points. 

%he Ad Hoc Carrier Committee's estimate of capacity requirements -- 

bThis total differs from the estimate of 4650 channels given 
as the committee's forecast of total overseas capacity requirements 
because of the exclusion of requirements of traffic to Alaska (350 
channels) and Cuba and the Bahamas (an estimated 500 channels). 

Source: 
Report of the Ad Hoc Carrier Committee in the Matter of 

Allocation of Frequency Bands for Space Co-ications, Federal 
Colmlunl 'cations Conmission Docket No. 14024, October 1961. 


